
6$/021�(1+$1&(0(17��5(+$%,/,7$7,21��(9$/8$7,21�
$1'�021,725,1*�())2576�&21'8&7('

,1 7+( .2',$.�0$1$*(0(17�$5($�7+528*+�����

E\�
6WHSKHQ�7��6FKURI

DQG
6WHYHQ�*��+RQQROG

5HJLRQDO�,QIRUPDWLRQ�5HSRUW��1R���.�����

$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH
'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV

����0LVVLRQ�5RDG
.RGLDN��$.������

$XJXVW�����

                      
��7KH�5HJLRQDO�,QIRUPDWLRQ�5HSRUW�6HULHV�ZDV�HVWDEOLVKHG�LQ������ WR�SURYLGH�DQ� LQIRUPDWLRQ�DFFHVV�V\VWHP�IRU�DOO
XQSXEOLVKHG�GLYLVLRQ�UHSRUWV��7KHVH�UHSRUWV�IUHTXHQWO\�VHUYH�GLYHUVH�DG�KRF�LQIRUPDWLRQDO�SXUSRVHV�RU�DUFKLYH�EDVLF
XQLQWHUSUHWHG�GDWD��7R�DFFRPPRGDWH�WLPHO\�UHSRUWLQJ�RI�UHFHQWO\�FROOHFWHG�LQIRUPDWLRQ��UHSRUWV�LQ�WKLV�VHULHV�XQGHUJR
RQO\�OLPLWHG�LQWHUQDO�UHYLHZ�DQG�PD\�FRQWDLQ�SUHOLPLQDU\�GDWD�� WKLV�LQIRUPDWLRQ�PD\�EH�VXEVHTXHQWO\� ILQDOL]HG�DQG
SXEOLVKHG� LQ� WKH� IRUPDO� OLWHUDWXUH�� &RQVHTXHQWO\�� WKHVH� UHSRUWV� VKRXOG� QRW� EH� FLWHG� ZLWKRXW� SULRU� DSSURYDO� RI� WKH
DXWKRU�RU�WKH�'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV�



$&.12:/('*0(176

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��$')	*��SHUVRQQHO�ZKR
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3DXOD�-DFNVRQ��$QL�7KRPDV��'DQ�5REHUWV��-LP�3HQNXVN\��&DUROLQH�&RXOWHU��(ULF�/RHQQLJ��1DWKDQ
6WHSKDQ��5RE�%DHU��DQG�&KULV�+LFNV�VSHQW�PDQ\�KRXUV�ZRUNLQJ�DQG�FRPSLOLQJ�GDWD�DW�WKH�SURMHFW
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$UR�SURYLGHG�KLVWRULFDO�DQG�FXUUHQW�GDWD�RQ�KDWFKHU\�LQFXEDWLRQ��UHDULQJ��DQG�VWRFNLQJ�DW�.LWRL�%D\
DQG�3LOODU�&UHHN�+DWFKHULHV�
7KH�.RGLDN� 5HJLRQDO� $TXDFXOWXUH� $VVRFLDWLRQ� SURYLGHG� IXQGLQJ� IRU� WKH� RSHUDWLRQV� RI� PDQ\� RI
WKHVH�SURMHFWV�
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VSHFLHV��OLIH�VWDJH��GDWH��DQG�VL]H�DW�VWRFNLQJ������ ���������������������������������������������������� ��
�� $PRXQW� RI� 3KRVSKRURXV� HQULFKHG� IHUWLOL]HU� DSSOLHG� DQG� QXWULHQW� VWDWXV� RI

WKH�ILYH�VWXG\�ODNHV�LQ������ ��������������������������������������������������������������������������������������� ��
�� %DUULHU� KHLJKW�� E\SDVV� OHQJWK�� E\SDVV� VORSH�� E\SDVV� JUDGH�� DQG� DIIHFWHG

VDOPRQ�VSHFLHV�IRU�.RGLDN�,VODQG�RSHUDWLRQDO�EDUULHU�E\SDVVHV���������������������������������� ��
�� 'HVFULSWLRQ�DQG�ORFDWLRQ�RI�WKH�WHUPLQDO�KDUYHVW�DQG�VSHFLDO�KDUYHVW�DUHDV�LQ

WKH�.RGLDN�0DQDJHPHQW�$UHD������ �������������������������������������������������������������������������� ��
�� .RGLDN�DUHD� ODNHV�DVVHVVHG�RU�PRQLWRUHG� IRU� OLPQRORJ\�GDWD�� E\� FDWHJRU\�

���� ���������������������������������������������������������������������������������������������������������������������������� ��
�� $YHUDJH�OLJKW�H[WLQFWLRQ�FRHIILFLHQW��.G���HXSKRWLF�]RQH�GHSWK��(='���DQGVHFFKL� GLVN� �6'�� WUDQVSDUHQF\� IRU� .RGLDN� DQG� $IRJQDN� ,VODQG� UHJLRQDO

ODNHV������� ����������������������������������������������������������������������������������������������������������������� ��
�� 7HPSHUDWXUHV��R&��PHDVXUHG�DW� WKH���PHWHU�DQG�QHDU�ERWWRP�VWUDWDV� LQ� WKH

VSULQJ� �0D\�-XQH��� VXPPHU� �-XO\�$XJXVW��� DQG� IDOO� �6HSWHPEHU�2FWREHU�
IRU�.RGLDN�DUHD�ODNHV������ ���������������������������������������������������������������������������������������� ��

�� 'LVVROYHG�R[\JHQ�FRQFHQWUDWLRQV��PJ�/����PHDVXUHG�DW�WKH���PHWHU�DQG�QHDU
ERWWRP� VWUDWD� LQ� WKH� VSULQJ� �0D\�-XQH��� VXPPHU� �-XO\�$XJXVW��� DQG� IDOO
�6HSWHPEHU�2FWREHU��IRU�.RGLDN�DUHD�ODNHV������ ����������������������������������������������������� ��

��� 6XPPDU\� RI� VHDVRQDO� PHDQ� ZDWHU� FKHPLVWU\�� QXWULHQW�� DQG� DOJDO� SLJPHQW
FRQFHQWUDWLRQV� E\� VWDWLRQ� DQG� GHSWK� IRU� ODNHV� VDPSOHG� LQ� WKH� .RGLDN
0DQDJHPHQW�$UHD��������������������������������������������������������������������������������������������������� ��

��� 6XPPDU\� RI� WKH� FODGRFHUDQ� DQG� FRSHSRG� FRPSRVLWLRQV� LQ� .RGLDN� DUHD
SURMHFW�ODNHV������ ������������������������������������������������������������������������������������������������������ ��

��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU
.RGLDN�DUHD�SURMHFW�ODNHV���������������������������������������������������������������������������������������� ��
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��� 7HPSHUDWXUH� �R&��GDWD�FROOHFWHG�DW� WKUHH� VWDWLRQV� LQ� WKH�.LWRL�%D\�6HFWLRQ

����������0D\����-XQH�������� ���������������������������������������������������������������������������������� ��
��� 6DOLQLW\� GDWD� �SDUWV�WKRXVDQG�� FROOHFWHG� DW� WKUHH� VWDWLRQV� LQ� WKH� .LWRL� %D\

6HFWLRQ�����������0D\����-XQH�������� ��������������������������������������������������������������������� ��
��� 5HVXOWV�RI�SODQNWRQ�VXUYH\V�DW�WKUHH�VWDWLRQV�LQ�WKH�.LWRL�%D\�6HFWLRQ������

�����0D\����-XQH�������� ������������������������������������������������������������������������������������������� ��
��� -XYHQLOH�VRFNH\H�VDOPRQ�HVWLPDWHV�EDVHG�RQ�K\GURDFRXVWLF�ILVK�SRSXODWLRQ

HVWLPDWHV�IRU�.RGLDN�DUHD�ODNHV������ ������������������������������������������������������������������������ ��
��� (PLJUDWLQJ�VRFNH\H�VDOPRQ�VPROW�FDSWXUHG�IRU�DJH�DQG�VL]H�GDWD��DQG�WRWDO

SRSXODWLRQ�HVWLPDWHV�E\�DJH�FODVV�IURP�.RGLDN�DUHD�V\VWHPV��������������������������������� ��
��� 0HDQ�DJH�� OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�E\�DJH�IRU�VRFNH\H�VDOPRQ�VPROW

VDPSOHG�DW�.RGLDN�DUHD�ODNHV���������������������������������������������������������������������������������� ��
��� 3UHVHDVRQ�IRUHFDVWV�� FRPPRQ�SURSHUW\� VDOPRQ�KDUYHVWV�� DQG� WRWDO� UXQV� IRU

V\VWHPV�ZLWK�VDOPRQ�HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�SURMHFWV�LQ�WKH�.RGLDN
0DQDJHPHQW�$UHD��������������������������������������������������������������������������������������������������� ��

��� 6RFNH\H� VDOPRQ� FRPPHUFLDO� ILVKLQJ� KDUYHVW� DW� )RXO� %D\� ���������
:DWHUIDOO�%D\�����������DQG�7HOURG�&RYH���������� WHUPLQDO�KDUYHVW�DUHDV�
DQG� .LWRL� ���������� 'XFN� ���������� DQG� ,]KXW� ��������� %D\V� FRPELQHG�
-XQH���6HSWHPEHU�������������������������������������������������������������������������������������������������� ��

��� (VWLPDWHG� DJH� FRPSRVLWLRQ� RI� VRFNH\H� VDOPRQ� HVFDSHPHQW� DQG� KDUYHVWV
IURP� .RGLDN� 0DQDJHPHQW� $UHD� HQKDQFHPHQW� RU� UHKDELOLWDWLRQ� V\VWHPV�
���� ���������������������������������������������������������������������������������������������������������������������������� ��
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�� /RFDWLRQ�RI�VDOPRQ�V\VWHPV�ZKHUH�ELRORJLFDO�GDWD�ZDV�FROOHFWHG�RQ�.RGLDN

DQG�$IRJQDN�,VODQGV����������� �������������������������������������������������������������������������������� ��
�� /RFDWLRQV� RI� VRFNH\H� VDOPRQ� VWRFNLQJ�� IHUWLOL]DWLRQ�� EURRGVWRFN�� DQG

HQYLURQPHQWDO� DVVHVVPHQW� PRQLWRULQJ� SURJUDPV� RQ� .RGLDN� DQG� $IRJQDN
,VODQGV������ ��������������������������������������������������������������������������������������������������������������� ��

�� 6DOPRQ�VWRFNLQJ�ORFDWLRQV�RQ�.RGLDN�DQG�$IRJQDN�,VODQGV������ ���������������������������� ��
�� /RFDWLRQV� RI� WHUPLQDO� DQG� VSHFLDO� KDUYHVW� DUHDV� ZLWK� DVVRFLDWHG� EDUULHU

ZHLUV�QHWV�RU�FRXQWLQJ�ZHLUV�DW�WKHVH�V\VWHPV������������������������������������������������������������� ��
�� ,]KXW� ���������� 'XFN� ���������� DQG� .LWRL� ��������� %D\� 6HFWLRQV� RI� WKH

$IRJQDN�&RPPHUFLDO�)LVKLQJ�'LVWULFW�������������������������������������������������������������������� ��
�� /RFDWLRQ�RI�ILVK�SDVVHV�DQG�VWUHDP�FOHDUDQFH�RSHUDWLRQV�DW�VDOPRQ�V\VWHPV

RQ�$IRJQDN�,VODQG��������������������������������������������������������������������������������������������������� ��
�� /RFDWLRQ�RI�ODNH�HQULFKPHQW�V\VWHPV�RQ�$IRJQDN�,VODQG������ ��������������������������������� ��
�� 6RFNH\H� VDOPRQ� VPROW� HPLJUDWLRQ� WLPLQJ� IURP�/LWWOH�.LWRL�� 6SLULGRQ�� DQG

0DOLQD�/DNHV����������������������������������������������������������������������������������������������������������� ��
�� &RPPHUFLDO�KDUYHVW�RI�VRFNH\H�VDOPRQ�LQ�WKH�:DWHUIDOO�%D\�DQG�)RXO�%D\

WHUPLQDO�KDUYHVW� DUHDV� LQ������FRPSDUHG� WR� WKH� HVFDSHPHQW� WLPLQJ� RI� WKH
$IRJQDN�/DNH�EURRG�VRXUFH����������� �������������������������������������������������������������������� ��

��� 6RFNH\H�VDOPRQ�FRPPHUFLDO�FDWFKHV�LQ�WKH�.LWRL�����������'XFN����������
DQG�,]KXW����������%D\�6HFWLRQV����������������������������������������������������������������������������� ��

��� $YHUDJH�FRPPHUFLDO�VRFNH\H�VDOPRQ�KDUYHVW�LQ�WKH�6SLULGRQ�/DNH�WHUPLQDO
KDUYHVW�DUHD� IURP�����������FRPSDUHG� WR� WKH� DYHUDJH� HVFDSHPHQW� WLPLQJ
RI�WKH�8SSHU�6WDWLRQ�/DNH�DQG�6DOWHU\�/DNH�EURRG�VRXUFHV����������� �������������������� ��

��� (VFDSHPHQW�WLPLQJ�RI�VRFNH\H�DQG�FRKR�VDOPRQ�LQWR�WKH�3DXOV�/DXUD�/DNH
V\VWHP�DQG�VRFNH\H�VDOPRQ�HVFDSHPHQW�LQWR�0DOLQD�/DNHV����������������������������������� ��
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$� +LVWRU\� RI�.RGLDN� ,VODQG� VRFNH\H� VDOPRQ� HQKDQFHPHQW� DQG� UHVWRUDWLRQ
SURMHFWV����������������������������������������������������������������������������������������������������������� ��

%� .RGLDN� &RPSUHKHQVLYH� 6DOPRQ� 3ODQ� ����������� 3KDVH� ,,� KDUYHVW
REMHFWLYHV��QDWXUDO��VXSSOHPHQWDO��DQG�WRWDO���E\�VSHFLHV ��������������������������������������� ��

&��� 0RUSKRPHWULF� PDS� VKRZLQJ� WKH� OLPQRORJ\� DQG� K\GURJHQ� VXOILGH
VWDWLRQV�� DQG� WKH� VPROW� DQG� DGXOW� VDPSOLQJ� FRPSRXQG� RQ� /LWWOH� .LWRL
/DNH ������������������������������������������������������������������������������������������������������������������������ ��

&��� 0RUSKRPHWULF� PDS� VKRZLQJ� WKH� OLPQRORJ\� VWDWLRQ� IRU� /RZHU� -HQQLIHU
/DNH ������������������������������������������������������������������������������������������������������������������������ ��

&��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
8SSHU�-HQQLIHU�/DNH ����������������������������������������������������������������������������������������������� ��

&��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
5XWK�/DNH ��������������������������������������������������������������������������������������������������������������� ��

&��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�VWDWLRQ�RQ�6RUJ�/DNH ������������������������� ��
&��� +LVWRULFDO� SLQN� VDOPRQ� UHOHDVHV� IURP� .LWRL� %D\� +DWFKHU\� IRU� UHOHDVH

\HDUV���������� ����������������������������������������������������������������������������������������������������� ��
&��� +LVWRULFDO�FKXP�VDOPRQ�IU\�UHOHDVHV�IURP�.LWRL�%D\�+DWFKHU\�IRU�UHOHDVH

\HDUV���������� ����������������������������������������������������������������������������������������������������� ��
&��� +LVWRULFDO�FRKR�VDOPRQ�UHOHDVHV�DW�%LJ�.LWRL�DQG�/LWWOH�.LWRL�V\VWHPV�IRU

UHOHDVH�\HDUV���������� ����������������������������������������������������������������������������������������� ��
&��� +LVWRULFDO�VRFNH\H�VDOPRQ�UHOHDVHV�DW�%LJ�.LWRL�DQG�/LWWOH�.LWRL�V\VWHPV

IRU�UHOHDVH�\HDUV���������������������������������������������������������������������������������������������� ��
&���� +LVWRULFDO� VRFNH\H� DQG� FRKR� VDOPRQ� UHOHDVHV� LQWR� XSSHU� DQG� ORZHU

-HQQLIHU�/DNHV�IRU�UHOHDVH�\HDUV�����������DQG������������UHVSHFWLYHO\ ������������� ��
&���� +LVWRULFDO�VRFNH\H�DQG�FRKR�VDOPRQ�UHOHDVHV� LQWR�5XWK�DQG�6RUJ�/DNHV

IRU�UHOHDVH�\HDUV���������������������������������������������������������������������������������������������� ��
&���� +LVWRULFDO�FRKR�VDOPRQ�UHOHDVHV�DW�.DWPDL�&UHHN�IRU�UHOHDVH�\HDUV������

���������������������������������������������������������������������������������������������������������������������������� ��
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&���� /LWWOH�.LWRL�ILVK�SDVV��D��DQG�VPROW�DGXOW�VDPSOLQJ�FRPSRXQG��E�������������������������� ��
&���� /LPQRORJLFDO�VDPSOLQJ�VWDWLRQV�DQG�VDPSOLQJ�IUHTXHQFLHV�IRU�.LWRL�DUHD

ODNHV����������� ���������������������������������������������������������������������������������������������������� ��
&���� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�/LWWOH�.LWRL�/DNH������������ ����������������������������������������������������������������� ��
&���� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�/RZHU�DQG�8SSHU�-HQQLIHU�/DNHV���������������������������������������������������� ��
&���� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�5XWK�DQG�6RUJ�/DNHV����������� ����������������������������������������������������������� ��
&���� +LVWRULFDO�K\GURJHQ�VXOILGH� �+�6�� OHYHOV�PHDVXUHG� LQ�/LWWOH�.LWRL�/DNH�����������������������DQG���������� ����������������������������������������������������������������� ��
&���� 0RUSKRPHWULF�PDS�RI�/LWWOH�.LWRL�/DNH�VKRZLQJ�WKH�YROXPH�RI�K\GURJHQ

VXOILGH�SULRU�WR�UHPRYDO�LQ�WKH�ZLQWHU�RI���������� ���������������������������������������������� ��
&���� 0RUSKRPHWULF�PDS�RI�/LWWOH�.LWRL�/DNH�VKRZLQJ� WKH� UHVLGXDO�K\GURJHQ

VXOILGH� WKDW� UHPDLQHG� LQ� WKH� WZR� EDVLQV� DIWHU� VLSKRQLQJ� HIIRUWV� LQ� WKH
ZLQWHU�RI���������� ����������������������������������������������������������������������������������������������� ���

&���� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�FRQFHQWUDWLRQV�E\�VWDWLRQ
DQG�GHSWK�IRU�/LWWOH�.LWRL�/DNH����������������������������������������������������������������������� ���

&���� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�FRQFHQWUDWLRQV�E\�VWDWLRQ
DQG�GHSWK�IRU�/RZHU�DQG�8SSHU�-HQQLIHU�/DNHV��������������������������������������������� ���

&���� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\
VWDWLRQ�DQG�GHSWK�IRU�5XWK�DQG�6RUJ�/DNHV����������� ����������������������������������������� ���

&���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU
/LWWOH�.LWRL�/DNH��������������������������������������������������������������������������������������������� ���

&���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� DQG� MXYHQLOH� VRFNH\H
VDOPRQ�VWRFNLQJ�OHYHOV�IRU�/LWWOH�.LWRL�/DNH�������������������������������������������������� ���
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&���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

/RZHU�DQG�8SSHU�-HQQLIHU�/DNHV�������DQG���������� ���������������������������������������� ���
&���� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�8SSHU�-HQQLIHU�/DNH�

�����DQG��������������������������������������������������������������������������������������������������������� ���
&���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

5XWK�/DNH������������������������������������������������������������������������������������������������������� ���
&���� :HLJKWHG�PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� IRU� 5XWK� /DNH�� �����

���������������������������������������������������������������������������������������������������������������������������� ���
&���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

6RUJ�/DNH����������� �������������������������������������������������������������������������������������������� ���
&���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� DQG� MXYHQLOH� VRFNH\H

VWRFNLQJ�OHYHOV�IRU�6RUJ�/DNH������������������������������������������������������������������������� ���
&���� +LVWRULFDO�PHDQ� ZDWHU� WHPSHUDWXUHV�PHDVXUHG� DW� IRXU� VWDWLRQV� LQ� .LWRL

%D\�IURP�PLG�0D\�WR�PLG�$XJXVW����������������������������������������������������������������� ���
&���� +LVWRULFDO� PHDQ� VDOLQLW\� OHYHOV� PHDVXUHG� DW� IRXU� VWDWLRQV� LQ� .LWRL� %D\

IURP�PLG�0D\�WR�PLG�$XJXVW������������������������������������������������������������������������ ���
&���� 0HDQ�]RRSODQNWRQ�GHQVLWLHV�PHDVXUHG�LQ�PLOOLOLWHUV�DW�WKUHH�VLWHV�LQ�.LWRL

%D\����������� ������������������������������������������������������������������������������������������������������ ���
&���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� WRZQHW� FDWFKHV� DQG

K\GURDFRXVWLF�ILVK�SRSXODWLRQ�HVWLPDWHV�IRU�/LWWOH�.LWRL�/DNH������������
������DQG�������������������������������������������������������������������������������������������������������� ���

&���� 7RZQHW�FDWFKHV�IURP�/LWWOH�.LWRL�/DNH������������DQG����� ������������������������������� ���
&���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� RI� MXYHQLOH� VRFNH\H

VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�/LWWOH�.LWRL�/DNH�������DQG����� ��������������������������� ���
&���� (VWLPDWHG�VRFNH\H�VDOPRQ�VPROW�RXWPLJUDWLRQ�IURP�/LWWOH�.LWRL�/DNH�E\

ZHHN������������ ��������������������������������������������������������������������������������������������������� ���
&���� 6RFNH\H�VDOPRQ�VPROW�RXWPLJUDWLRQ�WLPLQJ�IURP�/LWWOH�.LWRL�/DNH�������

���������������������������������������������������������������������������������������������������������������������������� ���
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&���� 0HDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�RI�/LWWOH�.LWRL��-HQQLIHU�

DQG�5XWK�/DNH�VRFNH\H�VDOPRQ�VPROW�VDPSOHG��E\�DJH����������� ���������������������� ���
&���� .LWRL�%D\�DUHD�FRPPHUFLDO�VDOPRQ�KDUYHVW��E\�VSHFLHV����������� ���������������������� ���
&���� (VWLPDWHG�DJH�FRPSRVLWLRQ�RI�/LWWOH�.LWRL�/DNH�VRFNH\H�VDOPRQ�FDXJKW

LQ�.LWRL�%D\���������������������������������������������������������������������������������������������� ���
'��� 0RUSKRPHWULF�PDS� VKRZLQJ� OLPQRORJ\� DQG� ]RRSODQNWRQ� VWDWLRQV� �����

DQG�EHDFK�VHLQH�DQG�JLOOQHW�VLWHV�RQ�6SLULGRQ�/DNH������������������������������������������������ ���
'��� -XYHQLOH�VRFNH\H�VDOPRQ�VWRFNHG�LQWR�6SLULGRQ�/DNH������������������������������������ ���
'��� 6SLULGRQ�/DNH� VPROW� E\SDVV� V\VWHP� LQFOXGLQJ� WKH� WUDS� DQG� GH�ZDWHULQJ

WDQNV� �D��� SLSHOLQH� IURP� GH�ZDWHULQJ� WDQNV� WR� FRXQWLQJ� WDQN� �E��� DQG
VPROW�FRXQWLQJ�WDQN��F�������������������������������������������������������������������������������������������� ���

'��� 6SLULGRQ� /DNH� �7HOURG� &RYH�� 7HUPLQDO� +DUYHVW� $UHD� �6/7+$�
ERXQGDULHV��DQG�$')	*�FDPS�ORFDWLRQ�LQ�7HOURG�&RYH��������������������������������������� ���

'��� /LPQRORJLFDO�VDPSOLQJ�VWDWLRQV�DQG�WRWDO�VDPSOHV�FROOHFWHG�IRU�6SLULGRQ
/DNH���������������������������������������������������������������������������������������������������������������� ���

'��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG
GHSWK�IRU�6SLULGRQ�/DNH����������� ���������������������������������������������������������������������� ���

'��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\
VWDWLRQ�DQG�GHSWK�IRU�6SLULGRQ�/DNH��������������������������������������������������������������� ���

'��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU
6SLULGRQ�/DNH������������������������������������������������������������������������������������������������� ���

'��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� IRU� 6SLULGRQ� /DNH�
������������������������������������������������������������������������������������������������������������������������ ���

'���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� K\GURDFRXVWLF� ILVK
SRSXODWLRQ�VXUYH\V�LQ�6SLULGRQ�/DNH�������DQG��������������������������������������������� ���

'���� 'DLO\� VRFNH\H� VDOPRQ� VPROW� HPLJUDWLRQ� HVWLPDWHV� IURP�6SLULGRQ�/DNH�
������������������������������������������������������������������������������������������������������������������������ ���
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'���� 0HDQ�DJH��OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�IRU�VRFNH\H�VDOPRQ

VPROW�FDSWXUHG�E\�WUDSSLQJ�DW�6SLULGRQ�/DNH����������� �������������������������������������� ���
'���� &RPPHUFLDO� KDUYHVW� RI� VRFNH\H� VDOPRQ� LQ� WKH� 6SLULGRQ�/DNH�7HUPLQDO

+DUYHVW�$UHD��VWDWLVWLFDO�DUHD���������E\�VWDWLVWLFDO�ZHHN����������� ������������������ ���
'���� (VWLPDWHG�DJH�FRPSRVLWLRQ�RI�WKH�DGXOW�VRFNH\H�VDOPRQ�KDUYHVWHG�LQ�WKH

6SLULGRQ�/DNH�7HUPLQDO�+DUYHVW�$UHD����������� ������������������������������������������������ ���
(��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ

+LGGHQ�/DNH ����������������������������������������������������������������������������������������������������������� ���
(��� -XYHQLOH�FRKR�DQG�VRFNH\H�VDOPRQ�UHOHDVHV�LQWR�+LGGHQ�/DNH�����������

DQG������������������������������������������������������������������������������������������������������������������ ���
(��� /RFDWLRQ�RI�WKH�)RXO�%D\�7HUPLQDO�+DUYHVW�$UHD��$')	*�ILHOG�FDPSV�

DQG�ILVK�ZHLUV�DW�+LGGHQ�&UHHN�DQG�7KRUVKHLP�&UHHN������������������������������������������� ���
(��� +LGGHQ�&UHHN�EDUULHU�ZHLU�������������������������������������������������������������������������������������� ���
(��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� WRWDO� VDPSOHV� FROOHFWHG� DW� +LGGHQ

/DNH���������������������������������������������������������������������������������������������������������������� ���
(��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�+LGGHQ�/DNH�������DQG������������������������������������������������������������������� ���
(��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�+LGGHQ�/DNH�������DQG���������� �������������������������������������� ���
(��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

+LGGHQ�/DNH�������DQG���������� ������������������������������������������������������������������������ ���
(��� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�+LGGHQ�/DNH������

DQG������������������������������������������������������������������������������������������������������������������ ���
(���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� K\GURDFRXVWLF� ILVK

SRSXODWLRQ�VXUYH\V�RI�+LGGHQ�/DNH������������DQG���������� ��������������������������� ���
(���� 0HDQ�DJH�� OHQJWK��ZHLJKW�� DQG�FRQGLWLRQ� FRHIILFLHQW�RI� VRFNH\H� VDOPRQ

VPROW�FROOHFWHG�IURP�+LGGHQ�&UHHN����������� ���������������������������������������������������� ���
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(���� 'DLO\� KDUYHVW� RI� VRFNH\H�� SLQN�� DQG� FKXP� VDOPRQ� LQ� WKH� )RXO� %D\

7HUPLQDO� +DUYHVW� $UHD� �VWDWLVWLFDO� DUHD� �������� DQG� RXWHU� )RXO� %D\
�VWDWLVWLFDO�DUHD������������������������������������������������������������������������������������������ ���

(���� (VWLPDWHG� DJH� FRPSRVLWLRQ� RI� )RXO� %D\� 7HUPLQDO� +DUYHVW� $UHD
FRPPHUFLDO�VRFNH\H�VDOPRQ�FDWFK����������� ������������������������������������������������������ ���

)��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
/LWWOH�:DWHUIDOO�/DNH ���������������������������������������������������������������������������������������������� ���

)��� -XYHQLOH�VRFNH\H�VDOPRQ�VWRFNHG�LQWR�/LWWOH�:DWHUIDOO�DQG�%LJ�:DWHUIDOO
/DNHV����������� ��������������������������������������������������������������������������������������������������� ���

)��� 1XWULHQW� DGGLWLRQ� UDWLR� DQG� HQULFKPHQW� DPRXQWV� LQWR� /LWWOH� :DWHUIDOO
/DNH���������������������������������������������������������������������������������������������������������������� ���

)��� 7KH�ORZHU��D���PLGGOH��E���DQG�XSSHU��F���ILVK�SDVVHV�RQ�/LWWOH�:DWHUIDOO
&UHHN ���������������������������������������������������������������������������������������������������������������������� ���

)��� /LWWOH�:DWHUIDOO�&UHHN�EDUULHU�QHW ��������������������������������������������������������������������������� ���
)��� :DWHUIDOO�%D\� �/LWWOH� DQG�%LJ�:DWHUIDOO�/DNHV��7HUPLQDO�+DUYHVW�$UHD

DQG�UHKDELOLWDWLRQ�SURMHFW�VLWHV�LQ�3HUHQRVD�%D\����������������������������������������������������� ���
)��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� VDPSOLQJ� IUHTXHQFLHV� DW� /LWWOH

:DWHUIDOO�/DNH������������������������������������������������������������������������������������������������ ���
)��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IURP�/LWWOH�:DWHUIDOO�/DNH����������� �������������������������������������������������������� ���
)��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IURP�/LWWOH�:DWHUIDOO�/DNH������������������������������������������������� ���
)���� :HLJKWHG�PHDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD� IURP

/LWWOH�:DWHUIDOO�/DNH�������DQG���������� ����������������������������������������������������������� ���
)���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� DQG� ODNH� HQULFKPHQW

WLPH�SHULRG�DW�/LWWOH�:DWHUIDOO�/DNH�������DQG���������� ������������������������������������ ���
)���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZ�QHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU� /LWWOH
:DWHUIDOO�/DNH�������DQG������������������������������������������������������������������������������� ���
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)���� 7RZQHW�FDWFKHV�IURP�/LWWOH�:DWHUIDOO�/DNH����������� ���������������������������������������� ���
)���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� RI� MXYHQLOH

VRFNH\H� VDOPRQ� FDSWXUHG� E\� WRZQHW� IURP� /LWWOH�:DWHUIDOO� /DNH�� �����
���������������������������������������������������������������������������������������������������������������������������� ���

)���� 0HDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�RI�VRFNH\H�VPROW
PLJUDWLQJ�IURP�/LWWOH�:DWHUIDOO�/DNH������������������������������������������������������������� ���

)���� &RPPHUFLDO� FDWFK� E\� VSHFLHV� LQ� WKH� 3HUHQRVD� %D\� 6HFWLRQ� �VWDWLVWLFDO
DUHD� ������� DQG� �������� DQG� :DWHUIDOO� %D\� 7HUPLQDO� +DUYHVW� $UHD
�VWDWLVWLFDO�DUHD������������������������������������������������������������������������������������������ ���

)���� 3LQN� DQG� FRKR� VDOPRQ� SHDN� VXUYH\� FRXQWV�� E\SDVV� FRXQWV�� DQG
HVFDSHPHQW�HVWLPDWHV�IRU�/LWWOH�:DWHUIDOO�&UHHN����������� �������������������������������� ���

)���� (VWLPDWHG�DJH�FRPSRVLWLRQ�RI� WKH� VRFNH\H�VDOPRQ�FRPPHUFLDO�FDWFK� LQ
WKH�/LWWOH�:DWHUIDOO�%D\�7HUPLQDO�+DUYHVW�$UHD�������������������������������������������� ���

*��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
&UHVFHQW�/DNH ��������������������������������������������������������������������������������������������������������� ���

*��� -XYHQLOH� FRKR� DQG� VRFNH\H� VDOPRQ� UHOHDVHV� LQWR� &UHVFHQW� /DNH�� �����
�����DQG��������������������������������������������������������������������������������������������������������� ���

*��� 6HWWOHU� &RYH� �&UHVFHQW� /DNH�� 7HUPLQDO� +DUYHVW� $UHD� ERXQGDULHV� LQ
.L]KX\DN�%D\ ��������������������������������������������������������������������������������������������������������� ���

*��� /LPQRORJLFDO�VDPSOLQJ�ORFDWLRQV�DQG�VDPSOLQJ�IUHTXHQFLHV�IRU�&UHVFHQW
/DNH�������DQG����������������������������������������������������������������������������������������������� ���

*��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG
GHSWK�IURP�&UHVFHQW�/DNH����������� ������������������������������������������������������������������� ���

*��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\
VWDWLRQ�DQG�GHSWK�IURP�&UHVFHQW�/DNH������������������������������������������������������������ ���

*��� :HLJKWHG�PHDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD� IURP
&UHVFHQW�/DNH�������DQG�������������������������������������������������������������������������������� ���

*��� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�&UHVFHQW�/DNH������
DQG������������������������������������������������������������������������������������������������������������������ ���
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*��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� WRZQHW� FDWFKHV� DQG

K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IURP�&UHVFHQW� /DNH�� ����� DQG
���������������������������������������������������������������������������������������������������������������������������� ���

*���� 7RZQHW�FDWFKHV�IURP�&UHVFHQW�/DNH�������DQG�������������������������������������������������� ���
*���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�&UHVFHQW�/DNH�������DQG����������������������� ���
*���� &RPPRQ� SURSHUW\� VDOPRQ� KDUYHVW� LQ� 6HWWOHU� &RYH� 7HUPLQDO� +DUYHVW

$UHD�IURP�WKH�&UHVFHQW�/DNH�HQKDQFHPHQW�SURMHFW����������� ���������������������������� ���
+��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ

$IRJQDN�/DNH ��������������������������������������������������������������������������������������������������������� ���
+��� -XYHQLOH�VRFNH\H�VDOPRQ�UHOHDVHV�LQWR�$IRJQDN�/DNH����������� ������������������������ ���
+��� 7KH� DPRXQW� RI� QXWULHQW� HQULFKPHQW� DGGLWLRQV� DQG� UDWLRV� LQWR� $IRJQDN

/DNH���������������������������������������������������������������������������������������������������������������� ���
+��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� VDPSOLQJ� IUHTXHQFLHV� IRU� $IRJQDN

/DNH���������������������������������������������������������������������������������������������������������������� ���
+��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�$IRJQDN�/DNH����������� ���������������������������������������������������������������������� ���
+��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�$IRJQDN�/DNH��������������������������������������������������������������� ���
+��� :HLJKWHG�PHDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD� IURP

$IRJQDN�/DNH������������������������������������������������������������������������������������������������� ���
+��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD�� DQG� ODNH� HQULFKPHQW

WLPH�SHULRG�IRU�$IRJQDN�/DNH������������������������������������������������������������������������ ���
+��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� WRZQHW� FDWFKHV� DQG

K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU� $IRJQDN� /DNH�� ����� DQG
������������������������������������������������������������������������������������������������������������������������ ���

+���� 7RZQHW�FDWFKHV�IURP�$IRJQDN�/DNH�������DQG���������� ����������������������������������� ���
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+���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�IURP�$IRJQDN�/DNH�������DQG������
���������������������������������������������������������������������������������������������������������������������������� ���

+���� 3RSXODWLRQ� HVWLPDWH� RI� WKH� VRFNH\H� VDOPRQ� VPROW� HPLJUDWLRQ� IURP
$IRJQDN�/DNH������ ����������������������������������������������������������������������������������������������� ���

+���� 3RSXODWLRQ� HVWLPDWH� RI� WKH� VRFNH\H� VDOPRQ� VPROW� HPLJUDWLRQ� IURP
$IRJQDN�/DNH������ ����������������������������������������������������������������������������������������������� ���

+���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� VRFNH\H
VDOPRQ�VPROW�VDPSOHV�DW�$IRJQDN�/DNH����������� ��������������������������������������������� ���

+���� (VWLPDWHG� DJH� FRPSRVLWLRQ� RI� WKH� $IRJQDN� /DNH� VRFNH\H� VDOPRQ
HVFDSHPHQW����������������������������������������������������������������������������������������������������� ���

,��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
8SSHU�0DOLQD�/DNH������������������������������������������������������������������������������������������������� ���

,��� 0RUSKRPHWULF� PDS� VKRZLQJ� WKH� OLPQRORJ\� VWDWLRQ� RQ� /RZHU� 0DOLQD
/DNH ������������������������������������������������������������������������������������������������������������������������ ���

,��� -XYHQLOH�VRFNH\H�VDOPRQ�UHOHDVHV�LQWR�8SSHU�0DOLQD�/DNH��������������������������� ���
,��� 7KH�DPRXQW�RI�QXWULHQW�HQULFKPHQW�DGGLWLRQV�DQG�UDWLRV� LQWR�8SSHU�DQG

/RZHU�0DOLQD�/DNHV����������� ��������������������������������������������������������������������������� ���
,��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� WRWDO� VDPSOHV� FROOHFWHG� IRU� 8SSHU

DQG�/RZHU�0DOLQD�/DNHV�������������������������������������������������������������������������������� ���
,��� 6XPPDU\� RI� VHDVRQDO� PHDQ� ZDWHU� FKHPLVWU\� SDUDPHWHUV� IRU� /RZHU

0DOLQD�/DNH������������ ��������������������������������������������������������������������������������������� ���
,��� 6XPPDU\� RI� VHDVRQDO� PHDQ� ZDWHU� FKHPLVWU\� SDUDPHWHUV� IRU� 8SSHU

0DOLQD�/DNH����������� ���������������������������������������������������������������������������������������� ���
,��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�IRU

/RZHU�0DOLQD�/DNHV����������� ��������������������������������������������������������������������������� ���
,��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�IRU

8SSHU�0DOLQD�/DNH����������� ����������������������������������������������������������������������������� ���
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,���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD

�VWDWLRQ����IURP�8SSHU�0DOLQD�/DNH����������� ��������������������������������������������������� ���
,���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD�� DQG� ODNH� HQULFKPHQW

SHULRG�IRU�8SSHU�0DOLQD�/DNH������������������������������������������������������������������������ ���
,���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

/RZHU�0DOLQD�/DNH����������� ����������������������������������������������������������������������������� ���
,���� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� DQG� ODNH� HQULFKPHQW

SHULRG�IRU�/RZHU�0DOLQD�/DNH����������� ������������������������������������������������������������ ���
,���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ�DQG�K\GURDFRXVWLF�ILVK�SRSXODWLRQ�HVWLPDWHV�IRU�8SSHU�DQG
/RZHU�0DOLQD�/DNHV�������DQG���������������������������������������������������������������������� ���

,���� 7RZQHW�FDWFKHV� IURP�8SSHU�DQG�/RZHU�0DOLQD�/DNHV�������DQG������
���������������������������������������������������������������������������������������������������������������������������� ���

,���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� RI� MXYHQLOH
VRFNH\H� VDOPRQ� FDSWXUHG� E\� WRZQHW� IURP� 8SSHU� DQG� /RZHU� 0DOLQD
/DNHV�������DQG���������� ����������������������������������������������������������������������������������� ���

,���� (VWLPDWHG� QXPEHU� RI� VRFNH\H� VDOPRQ� VPROW� RXWPLJUDWLQJ� IURP�0DOLQD
/DNHV�E\�\HDU�DQG�DJH�FODVV�������DQG����������������������������������������������������������� ���

,���� 8SSHU�DQG�/RZHU�0DOLQD�/DNHV�VRFNH\H�VDOPRQ�HPLJUDWLRQ� WLPLQJ�DQG
HVWLPDWHV�E\�DJH�FODVV�������DQG�������������������������������������������������������������������� ���

,���� 8SSHU� DQG� /RZHU� 0DOLQD� /DNHV� VRFNH\H� VDOPRQ� VPROW� DJH� DQG� VL]H
FRPSRVLWLRQ�E\�\HDU����������� ���������������������������������������������������������������������������� ���

,���� (VWLPDWHG� DJH� FRPSRVLWLRQ�RI� WKH� VRFNH\H� VDOPRQ� HVFDSHPHQW� LQWR� WKH
0DOLQD�/DNHV�������DQG���������� ����������������������������������������������������������������������� ���

-��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
3DXOV�/DNH �������������������������������������������������������������������������������������������������������������� ���

-��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
/DXUD�/DNH�������������������������������������������������������������������������������������������������������������� ���
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-��� 0RUSKRPHWULF�PDS�RI�*UHWFKHQ�/DNH �������������������������������������������������������������������� ���
-��� -XYHQLOH�VRFNH\H�VDOPRQ�UHOHDVHG�LQWR�/DXUD�/DNH���������������������������������������� ���
-��� 7KH�DPRXQW�RI�QXWULHQW�HQULFKPHQW�DGGLWLRQV�DQG�UDWLRV�LQWR�/DXUD�/DNH�

������������������������������������������������������������������������������������������������������������������������ ���
-��� /DXUD�&UHHN��D��DQG�*UHWFKHQ�&UHHN��E��ILVK�SDVVHV ���������������������������������������������� ���
-��� /LPQRORJLFDO� VDPSOLQJ� ORFDWLRQV� DQG� WRWDO� VDPSOHV� FROOHFWHG� IRU� /DXUD

DQG�3DXOV�/DNHV���������������������������������������������������������������������������������������������� ���
-��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�/DXUD�DQG�3DXOV�/DNHV�������������������������������������������������������������������� ���
-��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�/DXUD�DQG�3DXOV�/DNHV����������� �������������������������������������� ���
-��� :HLJKWHG�PHDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD� IURP

/DXUD�/DNH����������� ������������������������������������������������������������������������������������������ ���
-���� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�DQG�ODNH�HQULFKPHQW�IRU

/DXUD�/DNH����������� ������������������������������������������������������������������������������������������ ���
-���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ�DQG�K\GURDFRXVWLF�ILVK�SRSXODWLRQ�HVWLPDWHV�IRU�/DXUD�/DNH�
������������������������������������������������������������������������������������������������������������������������ ���

-���� 7RZQHW�FDWFKHV�IURP�/DXUD�/DNH������������������������������������������������������������������� ���
-���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�/DXUD�/DNH���������������������������������������� ���
-���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� VRFNH\H

VDOPRQ�VPROW�RXWPLJUDWLQJ�IURP�/DXUD�/DNH������������DQG����������������������� ���
-���� (VWLPDWHG� DJH� FRPSRVLWLRQ� RI� 3DXOV� %D\� VRFNH\H� VDOPRQ� HVFDSHPHQW

VDPSOHV�����������������������DQG���������� ��������������������������������������������������� ���
.��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ

3RUWDJH�/DNH����������������������������������������������������������������������������������������������������������� ���
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.��� 7KH� DPRXQW� RI� QXWULHQW� HQULFKPHQW� DGGLWLRQV� DQG� UDWLRV� LQWR� 3RUWDJH

/DNH���������������������������������������������������������������������������������������������������������������� ���
.��� 3RUWDJH�&UHHN�ILVK�SDVV��ORRNLQJ�XSVWUHDP��D��DQG�GRZQVWUHDP��E� ���������������������� ���
.��� /LPQRORJLFDO�VDPSOLQJ�ORFDWLRQV�DQG�WRWDO�VDPSOHV�FROOHFWHG�IRU�3RUWDJH

/DNH���������������������������������������������������������������������������������������������������������������� ���
.��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�3RUWDJH�/DNH����������������������������������������������������������������������������������� ���
.��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�3RUWDJH�/DNH����������������������������������������������������������������� ���
.��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

3RUWDJH�/DNH����������� ��������������������������������������������������������������������������������������� ���
.��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� DQG� ODNH� HQULFKPHQW

WLPH�SHULRG�IRU�3RUWDJH�/DNH�������������������������������������������������������������������������� ���
.��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU� 3RUWDJH
/DNH���������������������������������������������������������������������������������������������������������������� ���

.���� 7RZQHW�FDWFKHV�IURP�3RUWDJH�/DNH���������������������������������������������������������������� ���

.���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� MXYHQLOH
VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�3RUWDJH�/DNH������������������������������������� ���

.���� 0HDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW��E\�DJH�RI�VRFNH\H�VPROW
FROOHFWHG�IURP�3RUWDJH�&UHHN������������DQG����������������������������������������������� ���

.���� (VWLPDWHG� DJH� FRPSRVLWLRQ� RI� WKH� VRFNH\H� VDOPRQ� HVFDSHPHQW� LQWR
3RUWDJH�/DNH�������DQG���������������������������������������������������������������������������������� ���

/��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
)UD]HU�/DNH������������������������������������������������������������������������������������������������������������� ���

/��� 7KH�DPRXQW�RI�QXWULHQW�HQULFKPHQW�DGGLWLRQV�DQG�UDWLRV�LQWR�)UD]HU�/DNH�
������������������������������������������������������������������������������������������������������������������������ ���
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/��� )UD]HU�/DNH�ILVK�SDVVHV��GLYHUVLRQ�ZHLU��DQG�$')	*�FRPSOH[ ���������������������������� ���
/��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� WRWDO� VDPSOHV� FROOHFWHG� IRU� )UD]HU

/DNH���������������������������������������������������������������������������������������������������������������� ���
/��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�)UD]HU�/DNH������������������������������������������������������������������������������������� ���
/��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�)UD]HU�/DNH������������������������������������������������������������������� ���
/��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

)UD]HU�/DNH����������� ����������������������������������������������������������������������������������������� ���
/��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� DQG� ODNH� HQULFKPHQW

WLPH�SHULRG�IRU�)UD]HU�/DNH���������������������������������������������������������������������������� ���
/��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU� )UD]HU
/DNH���������������������������������������������������������������������������������������������������������������� ���

/���� 7RZQHW�FDWFKHV�IURP�)UD]HU�/DNH������������������������������������������������������������������ ���
/���� 0HDQ�DJH�� OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�)UD]HU�/DNH��������������������������������������� ���
/���� (VWLPDWHG�QXPEHU�RI�VRFNH\H�VDOPRQ�VPROW�HPLJUDWLQJ�IURP�)UD]HU�/DNH

E\�\HDU�DQG�DJH�FODVV�������������������������������������������������������������������������������������� ���
/���� )UD]HU�/DNH�VRFNH\H�VDOPRQ�VPROW�HPLJUDWLRQ�E\�DJH�FODVV�������������������������� ���
/���� 6XPPDU\�RI�PHDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�FODVV

RI�)UD]HU�/DNH�VRFNH\H�VDOPRQ�VPROW������������ ������������������������������������������������ ���
/���� )UD]HU� /DNH� VRFNH\H� VDOPRQ� HVFDSHPHQW�� FDWFK�� UXQ�� DQG� H[SORLWDWLRQ

UDWH������������������������������������������������������������������������������������������������������������������ ���
0��� 0RUSKRPHWULF� PDS� VKRZLQJ� WKH� OLPQRORJ\� VWDWLRQV� ��� �� ��� RQ� .DUOXN

/DNH ������������������������������������������������������������������������������������������������������������������������ ���
0��� 7KH� DPRXQW� RI� QXWULHQW� HQULFKPHQW� DGGLWLRQV� DQG� UDWLRV� LQWR� .DUOXN

/DNH���������������������������������������������������������������������������������������������������������������� ���
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0��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� VDPSOLQJ� IUHTXHQFLHV� IRU� .DUOXN

/DNH���������������������������������������������������������������������������������������������������������������� ���
0��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�.DUOXN�/DNH������������ ������������������������������������������������������������������������ ���
0��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�.DUOXN�/DNH������������������������������������������������������������������ ���
0��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

.DUOXN�/DNH������������DQG���������� ��������������������������������������������������������������� ���
0��� :HLJKWHG�PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� ���������� DQG� �����

���������������������������������������������������������������������������������������������������������������������������� ���
0��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IURP� .DUOXN
/DNH������������DQG�������������������������������������������������������������������������������������� ���

0��� 7RZQHW� FDWFKHV� IURP�.DUOXN� /DNH�� ����������� ����������� DQG� �����
���������������������������������������������������������������������������������������������������������������������������� ���

0���� 0HDQ�DJH�� OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�IRU� MXYHQLOH
VRFNH\H�VDOPRQ�FDSWXUHG�E\� WRZQHWWLQJ�DW�.DUOXN�/DNH�����������DQG
������������������������������������������������������������������������������������������������������������������������ ���

0���� $JH� FRPSRVLWLRQV� DQG� SRSXODWLRQ� HVWLPDWHV� RI� VRFNH\H� VDOPRQ� VPROW
HPLJUDWLQJ� IURP�.DUOXN� /DNH�� ����������� ����������� ����������� DQG
������������������������������������������������������������������������������������������������������������������������ ���

0���� 6XPPDU\� RI� PHDQ� OHQJWK� DQG� ZHLJKW� E\� DJH� FODVV� RI� .DUOXN� /DNH
VRFNH\H�VDOPRQ�VPROW�VDPSOHV������������������������DQG����������� ������������� ���

1��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
6DOWHU\�/DNH������������������������������������������������������������������������������������������������������������ ���

1��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� VDPSOLQJ� IUHTXHQFLHV� IRU� 6DOWHU\
/DNH���������������������������������������������������������������������������������������������������������������� ���

1��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG
GHSWK�IRU�6DOWHU\�/DNH�������DQG����� ������������������������������������������������������������������ ���
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$SSHQGL[ 3DJH
1��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�6DOWHU\�/DNH�������DQG����� ������������������������������������������������ ���
1��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

6DOWHU\�/DNH����������� ���������������������������������������������������������������������������������������� ���
1��� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�6DOWHU\�/DNH�������

���������������������������������������������������������������������������������������������������������������������������� ���
1��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU� 6DOWHU\
/DNH���������������������������������������������������������������������������������������������������������������� ���

1��� 7RZQHW�FDWFKHV�IURP�6DOWHU\�/DNH����������������������������������������������������������������� ���
1��� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� RI� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�6DOWHU\�/DNH�������������������������������������� ���
1���� 0HDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�RI�6DOWHU\�/DNH�VRFNH\H

VDOPRQ�VPROW�VDPSOHV�E\�DJH�������DQG���������� ���������������������������������������������� ���
1���� (VWLPDWHG� DJH� FRPSRVLWLRQ� RI� WKH� 6DOWHU\� /DNH� VRFNH\H� VDOPRQ

HVFDSHPHQW����������������������������������������������������������������������������������������������������� ���
2��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ

$NDOXUD�/DNH ���������������������������������������������������������������������������������������������������������� ���
2��� /LPQRORJLFDO�VDPSOLQJ�VWDWLRQV�DQG�IUHTXHQFLHV�IRU�$NDOXUD�/DNH�������

���������������������������������������������������������������������������������������������������������������������������� ���
2��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�$NDOXUD�/DNH������������DQG����������� ��������������������������������������������� ���
2��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�$NDOXUD�/DNH������������DQG�������������������������������������� ���
2��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU

$NDOXUD�/DNH�������������������������������������������������������������������������������������������������� ���
2��� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�$NDOXUD�/DNH�������

���������������������������������������������������������������������������������������������������������������������������� ���
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2��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� WRWDO� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU
$NDOXUD�/DNH������������DQG����� ����������������������������������������������������������������������� ���

2��� 7RZQHW�FDWFKHV�IURP�$NDOXUD�/DNH��������������DQG���������������������������������������� ���
2��� 0HDQ�DJH�� OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�$NDOXUD�/DNH�������DQG������������������������ ���
2���� $JH� FRPSRVLWLRQV� DQG� SRSXODWLRQ� HVWLPDWHV� RI� VRFNH\H� VDOPRQ� VPROW

HPLJUDWLQJ�IURP�$NDOXUD�/DNH����������������������������������������������������������������������� ���
2���� $NDOXUD�/DNH�VRFNH\H�VDOPRQ�VPROW�HPLJUDWLRQ�E\�DJH�FODVV����������� ������������ ���
2���� 6XPPDU\�RI�PHDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�FODVV

RI�$NDOXUD�/DNH� VRFNH\H� VDOPRQ� VPROW� VDPSOHV�� ���������� DQG� �����
���������������������������������������������������������������������������������������������������������������������������� ���

3��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ
5HG�/DNH����������������������������������������������������������������������������������������������������������������� ���

3��� /LPQRORJLFDO� VDPSOLQJ� VWDWLRQV� DQG� WRWDO� VDPSOHV� FROOHFWHG� IRU� 5HG
/DNH���������������������������������������������������������������������������������������������������������������� ���

3��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG
GHSWK�IRU�5HG�/DNH����������������������������������������������������������������������������������������� ���

3��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\
VWDWLRQ�DQG�GHSWK�IRU�5HG�/DNH����������� ����������������������������������������������������������� ���

3��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� GHQVLW\�� ELRPDVV�� DQG� VL]H� E\� JHQHUD� IRU
5HG�/DNH�������DQG���������� ����������������������������������������������������������������������������� ���

3��� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�5HG�/DNH�������DQG
������������������������������������������������������������������������������������������������������������������������ ���

3��� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZ�QHW� FDWFK� VSHFLHV
FRPSRVLWLRQ�DQG�K\GURDFRXVWLF� ILVK�SRSXODWLRQ�HVWLPDWHV� IRU�5HG�/DNH�
������������������������������������������������������������������������������������������������������������������������ ���

3��� 7RZQHW�FDWFKHV�IURP�5HG�/DNH���������������������������������������������������������������������� ���
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$SSHQGL[ 3DJH
3��� 0HDQ�DJH�� OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZQHW�DW�5HG�/DNH������������������������������������������� ���
3���� (VWLPDWHG�DJH�FRPSRVLWLRQV�DQG�SRSXODWLRQ�HVWLPDWHV�RI�VRFNH\H�VDOPRQ

VPROW�HPLJUDWLQJ�IURP�5HG�/DNH����������� �������������������������������������������������������� ���
3���� 0HDQ� OHQJWK�� ZHLJKW�� DQG� FRQGLWLRQ� FRHIILFLHQW� E\� DJH� IRU� VRFNH\H

VDOPRQ�VPROW�HPLJUDWLQJ�IURP�5HG�/DNH������������������������������������������������������� ���
4��� 0RUSKRPHWULF�PDS�VKRZLQJ�WKH�OLPQRORJ\�DQG�]RRSODQNWRQ�VWDWLRQV�RQ

8SSHU�6WDWLRQ��2OJD��/DNH ������������������������������������������������������������������������������������� ���
4��� 0RUSKRPHWULF� PDS� VKRZLQJ� WKH� OLPQRORJ\� VWDWLRQ� RQ� /RZHU� 8SSHU

6WDWLRQ��2OJD��/DNH ������������������������������������������������������������������������������������������������ ���
4��� /LPQRORJLFDO�VDPSOLQJ�VWDWLRQV�DQG�WRWDO�VDPSOHV�FROOHFWHG�IRU�WKH�8SSHU

6WDWLRQ�/DNHV�������������������DQG������������������������������������������������������������� ���
4��� 6XPPDU\� RI� VHDVRQDO�PHDQ�ZDWHU� FKHPLVWU\� SDUDPHWHUV� E\� VWDWLRQ� DQG

GHSWK�IRU�WKH�8SSHU�6WDWLRQ�/DNHV������������DQG�������������������������������������������� ���
4��� 6XPPDU\�RI�VHDVRQDO�PHDQ�QXWULHQW�DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV�E\

VWDWLRQ�DQG�GHSWK�IRU�WKH�8SSHU�6WDWLRQ�/DNHV��������������DQG����� ������������������ ���
4��� :HLJKWHG�PHDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD�IRU�WKH

XSSHU�ODNH�RI�WKH�8SSHU�6WDWLRQ�/DNHV�������DQG���������� �������������������������������� ���
4��� :HLJKWHG�PHDQ�]RRSODQNWRQ�ELRPDVV�E\�JHQHUD�IRU�WKH�XSSHU�ODNH�RI�WKH

8SSHU�6WDWLRQ�/DNH�������������������������DQG���������������������������������������������� ���
4��� :HLJKWHG�PHDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD�IRU�WKH

/RZHU�8SSHU�6WDWLRQ�/DNH����������� ������������������������������������������������������������������ ���
4��� :HLJKWHG� PHDQ� ]RRSODQNWRQ� ELRPDVV� E\� JHQHUD� IRU� WKH� /RZHU� 8SSHU

6WDWLRQ�/DNH����������� ���������������������������������������������������������������������������������������� ���
4���� -XYHQLOH� VRFNH\H� VDOPRQ� HVWLPDWHV� EDVHG� RQ� IDOO� WRZQHW� FDWFK� VSHFLHV

FRPSRVLWLRQ� DQG� K\GURDFRXVWLF� ILVK� SRSXODWLRQ� HVWLPDWHV� IRU� 8SSHU
6WDWLRQ��XSSHU�ODNH��/DNH������������������������������������������������������������������������������� ���

4���� 7RZQHW�FDWFKHV�IURP�8SSHU�6WDWLRQ��XSSHU�ODNH��/DNH����������� ���������������������� ���
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4���� 0HDQ�DJH�� OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�IRU� MXYHQLOH

VRFNH\H�VDOPRQ�FDSWXUHG�E\�WRZ�QHW�DW�8SSHU�6WDWLRQ��XSSHU�ODNH��/DNH�
������������������������������������������������������������������������������������������������������������������������ ���

4���� (VWLPDWHG�QXPEHU�RI�VRFNH\H�VDOPRQ�VPROW�HPLJUDWLQJ�IURP�WKH�8SSHU
6WDWLRQ�/DNHV�E\�\HDU�DQG�DJH�FODVV����������� ���������������������������������������������������� ���

4���� 0HDQ�OHQJWK��ZHLJKW��DQG�FRQGLWLRQ�FRHIILFLHQW�E\�DJH�IRU�VRFNH\H�VPROW
HPLJUDWLQJ�IURP�WKH�8SSHU�6WDWLRQ�/DNHV������������������������������������������������������ ���

5� .RGLDN� DUHD� FRPPHUFLDO� VDOPRQ� KDUYHVW� E\� VWDWLVWLFDO� DUHD� IURP
HQKDQFHG�DQG�UHKDELOLWDWHG�V\VWHPV�������������������������������������������������������������������� ���
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(QKDQFHPHQW� DQG� UHKDELOLWDWLRQ� RI� VDOPRQ� VWRFNV� KDV� EHHQ� RQJRLQJ� LQ� WKH� .RGLDN� ,VODQG
DUFKLSHODJR� VLQFH� WKH� HDUO\� ����V�� ZKHQ� VRFNH\H� VDOPRQ�2QFRUK\QFKXV� QHUND� KDWFKHULHV� ZHUH
RSHUDWHG� DW� .DUOXN� /DJRRQ� DQG� $IRJQDN� /DNH�� 7KHVH� HDUO\� SURJUDPV� ZHUH� QRW� SDUWLFXODUO\
VXFFHVVIXO��$IWHU� VWDWHKRRG�� WKH�$ODVND�'HSDUWPHQW� RI� )LVKHULHV� EHJDQ� QHZ� SURJUDPV� WR� UHEXLOG
VRFNH\H� VDOPRQ� VWRFNV�� ([DPSOHV� RI� WKHVH� SURJUDPV� LQFOXGHG� KDWFKHU\� VWRFNLQJ� DW� .LWRL� %D\�
LQVWDOODWLRQ�RI�ILVKZD\V��ILVK�SDVVHV�RU�ILVK�ODGGHUV��RQ�WKH�3DXOV�/DNH�GUDLQDJH�DQG�WKH�)UD]HU�/DNH
GUDLQDJH��'RJ�6DOPRQ�&UHHN���DQG�ODNH�IHUWLOL]DWLRQ�DW�%DUH�/DNH��,Q�WKH�����V��SURMHFWV�IRFXVHG�RQ
UHKDELOLWDWLQJ�VRFNH\H�VDOPRQ�DW�.DUOXN�/DNH�DQG�HQKDQFHG�SLQN�2��JRUEXVFKD�DQG�FKXP�2��NHWD
VDOPRQ� SURGXFWLRQ�� )LVK� ODGGHUV� ZHUH� DOVR� LQVWDOOHG� DW� YDULRXV� ORFDWLRQV� RQ� $IRJQDN� ,VODQG� WR
LQFUHDVH�DFFHVVLEOH�KDELWDW�IRU�VRFNH\H��SLQN��DQG�FRKR�2��NLVXWFK�VDOPRQ�
,Q� WKH� ����V�� WKH� $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH� DORQJ� ZLWK� WKH� QHZO\� IRUPHG� .RGLDN
5HJLRQDO� $TXDFXOWXUH� $VVRFLDWLRQ� LQYHVWLJDWHG� DQG� LPSOHPHQWHG� YDULRXV� VDOPRQ� UHKDELOLWDWLRQ�
HQKDQFHPHQW��DQG�UHVHDUFK�SURJUDPV� LQ� WKH�.RGLDN�0DQDJHPHQW�$UHD��7KHVH�SURJUDPV� LQFOXGHG
OLPQRORJLFDO� DQG� ILVKHU\� UHVHDUFK� DW� .DUOXN� DQG� )UD]HU� /DNHV�� ODNH� IHUWLOL]DWLRQ� SURMHFWV�� WKH
FRQVWUXFWLRQ�RI�3LOODU�&UHHN�+DWFKHU\� WR� IDFLOLWDWH� VRFNH\H� VDOPRQ�RXWVWRFNLQJ� LQWR� EDUUHQ� ODNHV�
DQG�ILVK�FXOWXUH�UHVHDUFK�DW�.LWRL�%D\�+DWFKHU\�
,Q� WKH�����V��HIIRUWV�ZHUH� IRFXVHG�RQ� LQFUHDVLQJ� ODNH� �IHUWLOL]DWLRQ�DQG�EDUUHQ� ODNH�VWRFNLQJ��DQG
VWUHDP� �ILVK� SDVVHV�� KDELWDW�� DQG� QDWXUDO� VWRFN� UHEXLOGLQJ� �VWRFNLQJ��� 3URMHFWV� LQFOXGHG� VRFNH\H
VDOPRQ� EURRGVWRFN� GHYHORSPHQW� DW�.LWRL� %D\�+DWFKHU\� IRU� MXYHQLOH� VWRFNLQJV� DW� 6SLULGRQ� /DNH�
,QYHVWLJDWLRQV�RQ�ODNH�SURGXFWLYLW\�OHDG�WR�VXEVHTXHQW�ODNH�IHUWLOL]DWLRQ�DQG�VWRFNLQJ�SURMHFWV��DQG
LPSURYHPHQWV� DQG� PDLQWHQDQFH� WR� ILVK� SDVVHV� RQ� $IRJQDN� ,VODQG�� ,Q� DGGLWLRQ�� FRKR� VDOPRQ
HQKDQFHPHQW�ZDV� LQLWLDWHG� DW� .LWRL� %D\�+DWFKHU\�� DORQJ� ZLWK� H[SDQGHG� SLQN� DQG� FKXP� VDOPRQ
SURGXFWLRQ��/DVWO\��FRPSUHKHQVLYH�PRQLWRULQJ�DQG�HYDOXDWLRQ�SURJUDPV�ZHUH�VWDUWHG�DW�HDFK�RI�WKH
HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�SURMHFWV��ZKLFK�LQFOXGHG�OLPQRORJLFDO�DQG�ILVKHULHV�LQYHVWLJDWLRQV�
7KH� SURMHFWV� RI� WKH� ����V� ZHUH� FDUULHG� RYHU� LQWR� WKH� QH[W� GHFDGH� WR� SURYLGH� DQG� PDLQWDLQ
VXSSOHPHQWDO�SURGXFWLRQ�IRU�WKH�YDULRXV�XVHU�JURXSV�LQ�WKH�.RGLDN�0DQDJHPHQW�$UHD�
7KLV�UHSRUW�VXPPDUL]HV�HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�PHWKRGV�LQFOXGLQJ�VWRFNLQJ�IURP�.LWRL�%D\
DQG�3LOODU�&UHHN�+DWFKHULHV��ODNH�IHUWLOL]DWLRQ��WKH�ORFDWLRQ�DQG�RSHUDWLRQ�RI�EDUULHU�E\SDVVHV��ILVK
SDVVHV���VWUHDP�FOHDUDQFH�DFWLYLWLHV��DQG�ILVKHULHV�LQ�VSHFLDO�DQG�WHUPLQDO�KDUYHVW�DUHDV�LQ�������7KH
UHVXOWV�RI�HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�SURMHFWV�DUH�GHVFULEHG�LQ�WHUPV�RI�GDWD�FROOHFWHG�WKURXJK
HYDOXDWLRQ�DQG�PRQLWRULQJ�DFWLYLWLHV�LQ�������+LVWRULFDO�GDWD�RQ�WKHVH�SURMHFWV�DUH�VXPPDUL]HG�LQ�D
VHULHV�RI�DSSHQGLFHV�
,Q� ������ .LWRL� %D\� +DWFKHU\� SHUVRQQHO� UHOHDVHG� ������������ SLQN� VDOPRQ�� ����������� FKXP
VDOPRQ�� DQG� �������� FRKR� VDOPRQ� IURP� VDOWZDWHU� QHW� SHQV� LQ� %LJ� .LWRL� %D\�� 7KH� MXYHQLOH
RXWVWRFNLQJ�SURJUDP�DW�.LWRL�%D\�+DWFKHU\� LQYROYHG� WKH� UHOHDVH�RI���������VRFNH\H�VDOPRQ� LQWR
/LWWOH� .LWRL� /DNH�� �������� FRKR� VDOPRQ� LQWR� ORZHU� -HQQLIHU� /DNH�� �������� FRKR� VDOPRQ� LQWR
&UHVFHQW�/DNH��DQG��������FRKR�VDOPRQ�LQWR�.DWPDL�/DNH�
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5HOHDVHV�IURP�3LOODU�&UHHN�+DWFKHU\�W\SLFDOO\�LQFOXGHG�UHPRWH�ODNH�RXWVWRFNLQJV�IRU�WKH�SXUSRVH�RI
HQKDQFLQJ� VRFNH\H� VDOPRQ� SURGXFWLRQ� �VWRFNLQJ� LQ� EDUUHQ� ODNHV�� DQG� UHEXLOGLQJ� GHSOHWHG� UXQV
�VWRFNLQJ� LQWR� ODNHV�ZLWK�QDWXUDO� VDOPRQ�VWRFNV���6RFNH\H�VDOPRQ�ZHUH� UHOHDVHG�RQO\� LQWR�EDUUHQ
ODNHV�LQ������DQG�LQFOXGHG���������LQWR�+LGGHQ�/DNH����������LQ�/LWWOH�:DWHUIDOO�/DNH���������
LQWR�%LJ�:DWHUIDOO�/DNH����������LQWR�&UHVFHQW�/DNH��DQG�����������LQWR�6SLULGRQ�/DNH��-XYHQLOH
FRKR�VDOPRQ�ZHUH�DOVR�UHOHDVHG�LQWR�ODNHV�DORQJ�WKH�.RGLDN�URDG�V\VWHP�IRU�6SRUW�)LVK�'LYLVLRQ
SURMHFWV�
6L[WHHQ� .RGLDN� DQG� $IRJQDN� DUHD� ODNHV� ZHUH� VDPSOHG� IRU� OLPQRORJLFDO� GDWD� IURP� 0D\� WR
6HSWHPEHU��������6DPSOLQJ�LQFOXGHG�WKH�FROOHFWLRQ�RI�OLJKW��WHPSHUDWXUH��GLVVROYHG�R[\JHQ��S+��DQG
DONDOLQLW\� OHYHOV�� DQG� WKH� PHDVXUHPHQW� RI� GLVVROYHG� QXWULHQWV�� DOJDO� SLJPHQWV�� DQG� ]RRSODQNWRQ
DEXQGDQFH�DQG�ELRPDVV�
2I�WKH�ODNHV�VDPSOHG��6SLULGRQ�/DNH�ZDV�WKH�PRVW�WUDQVSDUHQW�RU�FOHDU�ODNH�DQG�/DXUD�/DNH�ZDV�WKH
PRVW�WXUELG�ODNH��2WKHU�SK\VLFDO�IHDWXUHV��WHPSHUDWXUH��GLVVROYHG�R[\JHQ��RI�HDFK�ODNH�ZHUH�ZLWKLQ
D� QRUPDO� UDQJH� RI� UHDGLQJV� IRU� WKH� WLPH� RI� \HDU� �VSULQJ�� VXPPHU�� IDOO�� DQG� WKH� W\SH� RI� ODNHV
�ROLJRWURSKLF��VDPSOHG�
'LVVROYHG�QXWULHQWV�SOD\�D�NH\�UROH�LQ�WKH�SURGXFWLYLW\�RI�WKH�ODNH��3KRVSKRURXV�DQG�QLWURJHQ��WZR
SULPDU\� QXWULHQWV�ZHUH� WHVWHG� LQ� YDULRXV� IRUPV� IRU� WKH� ODNHV� VDPSOHG�� /LWWOH�.LWRL� /DNH� KDG� WKH
KLJKHVW� WRWDO� SKRVSKRURXV� ������ mJ� /���� FRQFHQWUDWLRQ�� DQG� /DXUD� /DNH� KDG� WKH� KLJKHVW� WRWDO
.MHOGDKO�QLWURJHQ�OHYHO�DW�����mJ�/���RI� WKH�ODNHV�VDPSOHG��/DXUD��/LWWOH�.LWRL��8SSHU�DQG�/RZHU
0DOLQD�� DQG� /LWWOH� :DWHUIDOO� /DNHV� ZHUH� IHUWLOL]HG� ZLWK� D� QLWURJHQ�SKRVSKRURXV� VROXWLRQ� WKDW
DUWLILFLDOO\�HOHYDWHG�WKHVH�QXWULHQW�OHYHOV�LQ������
3ULPDU\��&KORURSK\OO�D��SKDHRSK\WLQ��DQG�VHFRQGDU\��]RRSODQNWRQ��SURGXFWLRQ�ZHUH�PHDVXUHG�IURP
PRVW�RI� WKH�ODNHV��&KORURSK\OO�D��FKO�D�� OHYHOV�ZHUH�KLJKHVW� LQ�/DXUD�/DNH�DW�����mJ�/���ZLWK� WKH
ORZHVW� OHYHO� RI� ���� mJ� /��� DW� 6SLULGRQ� /DNH�� 3KDHRSK\WLQ� �GHJUDGHG� VWDWH� RI� FKO� D�� OHYHOV� ZHUH
KLJKHVW� LQ� WKH� /DXUD� /DNH� VDPSOHV� �����mJ� /���� DQG� ORZHVW� DW� %LJ�:DWHUIDOO� /DNH� �����mJ� /����
=RRSODQNWRQ�SURGXFWLRQ�ZDV�PHDVXUHG�DV�GHQVLW\��ELRPDVV��DQG�VL]H�E\�JHQHUD��.DUOXN�/DNH�ZDV
WKH�PRVW�SURGXFWLYH�E\�GHQVLW\� ���������P��� DQG�ELRPDVV� �����PJ�P��� OHYHOV��:KHUHDV��6DOWHU\
/DNH�KDG�WKH�ORZHVW�GHQVLW\�OHYHOV��������P���DQG�/RZHU�0DOLQD�/DNH�KDG�WKH�ORZHVW�]RRSODQNWRQ
ELRPDVV� RI� �� PJ� P��� &RSHSRGV� ZHUH� WKH� GRPLQDWH� JHQHUD� LQ� WKH� .DUOXN� /DNH� ]RRSODQNWRQ
FRPPXQLW\� ZKLOH� FODGRFHUDQV� GRPLQDWHG� ]RRSODQNWRQ� FRPPXQLWLHV� LQ� 5XWK�� %LJ� DQG� /LWWOH
:DWHUIDOO�/DNHV�
-XYHQLOH� VRFNH\H� VDOPRQ� SRSXODWLRQV�ZHUH� HVWLPDWHG� DW� VHYHUDO� ODNHV� LQ� ������ (VWLPDWHV�ZHUH
PDGH�RQ�MXYHQLOHV�LQ�WKH�ODNH�UHDULQJ�HQYLURQPHQW�DQG�GXULQJ�WKH�VPROW�PLJUDWLRQ�WR�WKH�RFHDQ�
5HDULQJ� MXYHQLOHV�ZHUH� HVWLPDWHG� DW� IRXU� ODNHV� XVLQJ� K\GURDFRXVWLF� WHFKQLTXHV�� 6SLULGRQ� /DNH
KDG� WKH�KLJKHVW� HVWLPDWH�RI�����������PLOOLRQ� VRFNH\H� VDOPRQ� UHDULQJ� LQ� WKH� ODNH�� DQG�+LGGHQ
/DNH� KDG� WKH� ORZHVW� HVWLPDWH� RI� ������� VRFNH\H�� 7KHVH� ODNHV� DUH� VWRFNHG� DQQXDOO\� ZKLFK
SURYLGHV�D�YDULDWLRQ�LQ�DEXQGDQFH�EDVHG�RQ�WKH�VWRFNLQJ�VWUDWHJLHV�IRU�HDFK�V\VWHP��7KH�VHFRQG
PHWKRG�IRU�DVVHVVLQJ�MXYHQLOH�SURGXFWLRQ�ZDV�WR�GHWHUPLQH�WKH�VPROW�SRSXODWLRQ�PLJUDWLQJ�WR�WKH
RFHDQ�� 8VLQJ� PDUN�UHFDSWXUH� WHFKQLTXHV�� .DUOXN�� )UD]HU� DQG� 0DOLQD� /DNHV� VRFNH\H� VDOPRQ
SRSXODWLRQV� ZHUH� HVWLPDWHG�� $W� .DUOXN� /DNH�� DQ� HVWLPDWHG� ���������� VRFNH\H� VDOPRQ� VPROW
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PLJUDWHG� WR� WKH� RFHDQ�� ZKLOH� DQ� HVWLPDWHG� �������� VRFNH\H� VDOPRQ� VPROW� RXWPLJUDWHG� IURP
)UD]HU�/DNH�DQG���������RXWPLJUDWHG�IURP�0DOLQD�/DNHV��7RWDO�FRXQWV�RI�VRFNH\H�VDOPRQ�VPROW
PLJUDWLQJ�ZHUH�DOVR�PDGH�DW�6SLULGRQ�/DNH�������������DQG�DW�/LWWOH�.LWRL�/DNH�����������$JH��
VPROW�ZHUH�WKH�SUHGRPLQDQW�DJH�FODVV�OHDYLQJ�.DUOXN��)UD]HU��DQG�0DOLQD�/DNHV��ZKHUHDV�DJH��
VPROW�SUHGRPLQDWHG�WKH�PLJUDWLRQV�FRPLQJ�RXW�RI�6SLULGRQ�DQG�/LWWOH�.LWRL�/DNHV�
6DOPRQ� HQKDQFHPHQW� DQG� UHKDELOLWDWLRQ� SURMHFWV� SURYLGHG� DOPRVW� �������� VRFNH\H� VDOPRQ� WR
FRPPHUFLDO�KDUYHVWHUV�LQ�WKH�.RGLDN�0DQDJHPHQW�$UHD�LQ�������ZLWK�)UD]HU�DQG�6SLULGRQ�/DNH
SURMHFWV�DFFRXQWLQJ�IRU�����RI�WKH�VXSSOHPHQWDO�VRFNH\H�VDOPRQ�SURGXFWLRQ��.LWRL�%D\�+DWFKHU\
SURYLGHG� ����������� SLQN� VDOPRQ�� �������� FKXP� VDOPRQ�� �������� FRKR� VDOPRQ�� DQG� ������
VRFNH\H�VDOPRQ�WR�WKH�.RGLDN�0DQDJHPHQW�$UHD�KDUYHVW�
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([SORLWDWLRQ��3UHVHUYDWLRQ��DQG�5HEXLOGLQJ�RI�.RGLDN�$UFKLSHODJR�6DOPRQ�6WRFNV
6DOPRQ�KDYH� ORQJ�EHHQ�FRQVLGHUHG�DQ� LPSRUWDQW� IRRG�VRXUFH� WR� WKH� LQGLJHQRXV�SHRSOH� DQG�RWKHU
LQKDELWDQWV�RI�WKH�LVODQGV�ZLWKLQ�WKH�.RGLDN�DUFKLSHODJR��6DOPRQ�KDYH�EHHQ�FRPPHUFLDOO\�H[SORLWHG
LQ�WKH�.RGLDN�DUHD�IRU�RYHU�����\HDUV��DQG�ORFDO�SHRSOH�EHOLHYHG�LW�ZDV�LPSRUWDQW�WR�FRQVHUYH�DUHD
VDOPRQ� VWRFNV� WR� SURYLGH� VXVWDLQDEOH� KDUYHVWV� �5RSSHO� ������� &RPPHUFLDO� KDUYHVWV� RI� VRFNH\H
VDOPRQ�ZHUH�GRFXPHQWHG�DV�HDUO\�DV�������,Q�������D�³OLPLWHG�HQWU\�V\VWHP´�ZDV�DGRSWHG�E\�WKH
6WDWH�RI�$ODVND�WR�UHJXODWH�SDUWLFLSDWLRQ�LQWR�WKH�FRPPHUFLDO�VDOPRQ�ILVKHULHV��:DGOH�DQG�%UHQQDQ
�������,Q�����������FRPPHUFLDO�VDOPRQ�SHUPLWV�ZHUH�DYDLODEOH�IRU�XVH�LQ�WKH�.RGLDN�0DQDJHPHQW
$UHD� �.0$��� DOWKRXJK�� RQO\� ���� SXUVH� VHLQH�� DQG� ���� VHW� JLOOQHW� SHUPLWV� ZHUH� DFWLYHO\� ILVKHG
�:DGOH�������%UHQQDQ�������
%HIRUH� $ODVND� EHFDPH� D� VWDWH�� WKH� IHGHUDO� JRYHUQPHQW� ZDV� UHVSRQVLEOH� IRU� WKH� PDQDJHPHQW� RI
$ODVND¶V� VDOPRQ� UHVRXUFHV��8QGHU� IHGHUDO� FRQWURO� $ODVND¶V� UHVRXUFHV� ZHUH� KHDYLO\� H[SORLWHG�� DV
VKRZQ� E\� WKH� VHYHUH� GHFOLQH� LQ� VDOPRQ� HVFDSHPHQWV�� DQG� WKH� KXJH� YROXPH� RI� VDOPRQ� H[SRUWHG
EHIRUH� VWDWHKRRG� E\� WKH� FDQQHG� VDOPRQ� LQGXVWU\�� ,Q� ������ WKH� WHUULWRULDO� OHJLVODWXUH� FUHDWHG� WKH
$ODVND�'HSDUWPHQW�RI�)LVKHULHV��$')��WR�SUHVHUYH�DQG�UHEXLOG�WKH�VDOPRQ�UXQV��$')��������$V�D
ZD\�WR�UHEXLOG�GHSOHWHG�UXQV�DQG�SURWHFW�KHDOWK\�VWRFNV��WKH�$')�IRFXVHG�RQ�WKH�HQKDQFHPHQW�RI
VRFNH\H�VDOPRQ�ILVKHULHV��$SSHQGL[�$���9DULRXV�VWUDWHJLHV�LQFOXGLQJ�KDWFKHU\�SURGXFWLRQ��VWRFNLQJ
RI� EDUUHQ� ODNHV�� ODNH� HQULFKPHQW�� DQG� LQVWDOODWLRQ� RI� ILVKZD\V�� ILVK� ODGGHUV� DQG�RU� ILVK� SDVVHV� WR
FLUFXPYHQW� LPSDVVDEOH� IDOOV�ZHUH� HPSOR\HG� WR� HQKDQFH� VRFNH\H� VDOPRQ�SURGXFWLRQ� DQG� LQFUHDVH
KDUYHVW�RSSRUWXQLWLHV�LQ�WHUULWRULDO�GD\V�

+LVWRU\�RI�6RFNH\H�6DOPRQ�(QKDQFHPHQW��5HKDELOLWDWLRQ��DQG�5HVHDUFK
.DUOXN� /DNH�� ORFDWHG� RQ� WKH� VRXWKZHVW� VLGH� RI� .RGLDN� ,VODQG� �)LJXUH� ���� ZDV� DQ� LPSRUWDQW
FRPPHUFLDO�VDOPRQ�SURGXFHU�GXULQJ�WKH�ODWH�����V�ZKHQ�VRFNH\H�VDOPRQ�ZHUH�KHDYLO\�H[SORLWHG�DW
.DUOXN�/DJRRQ��$FFRUGLQJ�WR�5RSSHO���������FDQQHU\�RSHUDWRUV�EXLOW�WKH�ILUVW�KDWFKHU\�LQ�$ODVND�DW
WKH�PRXWK�RI�WKH�.DUOXN�5LYHU�LQ�������$SSHQGL[�$���7KH�KDWFKHU\�ZDV�RSHUDWHG�XQWLO�������EXW
IDLOHG� WR� SURGXFH� VXEVWDQWLDO� LQFUHDVHV� LQ� VRFNH\H� VDOPRQ� UXQV� GXH� WR� SRRU� UHOHDVH� VWUDWHJLHV
�6FKPLGW�HW�DO��������
(VWLPDWHG�VRFNH\H�VDOPRQ�UXQV�DW�.DUOXN�/DNH�UDQJHG��RQ�DYHUDJH�� IURP�RQH� WR� WZR�PLOOLRQ�ILVK
IURP� WKH�����V� WKURXJK� WKH�����V��EXW�GHFOLQHG�VXEVWDQWLDOO\� IURP� WKH�����V� WKURXJK� WKH�����V�
7KH�$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��$')	*�� LPSOHPHQWHG�D�SURMHFW� IURP�����������RQ
WKH�8SSHU�7KXPE�5LYHU��875��WR�UHKDELOLWDWH�D�SRUWLRQ�RI�WKH�.DUOXN�/DNH�HDUO\�VRFNH\H�VDOPRQ
UXQ��)LJXUH����$SSHQGL[�$��:KLWH��������%HWZHHQ������������875�VRFNH\H�VDOPRQ�IU\�ZHUH�µEDFN
VWRFNHG¶� LQWR� WKH� ULYHU� DIWHU� HJJV� DQG� IU\� ZHUH� FXOWXUHG� DW� WKH� .LWRL� %D\� +DWFKHU\� �.%+�� RQ
$IRJQDN�,VODQG��)LJXUH�����)URP������������HJJV�ZHUH�LQFXEDWHG�DW�D�UHPRWH�IDFLOLW\�ORFDWHG�RQ�WKH
875��(\HG�HJJV�ZHUH�DOVR�SODQWHG�LQ�WKH�JUDYHO�RQ�WKH�875�EHWZHHQ������������7KHVH�IU\�DQG�HJJ
SODQWV�LQFUHDVHG�WKH�875�VRFNH\H�VDOPRQ�HVFDSHPHQW�IURP�OHVV�WKDQ�������ILVK�LQ�������WR�QHDUO\



�

������� ILVK� LQ�������ZKLFK� UHSUHVHQWHG� DQ� LQFUHDVH� LQ� WKH�875�SURSRUWLRQ� RI� WKH� WRWDO� HDUO\�UXQ
VRFNH\H�VDOPRQ�HVFDSHPHQW�LQWR�WKH�.DUOXN�5LYHU�IURP�DSSUR[LPDWHO\����WR�����
$IRJQDN�/DNH��ORFDWHG�RQ�WKH�VRXWKZHVW�SRUWLRQ�RI�$IRJQDN�,VODQG��ZDV�WKH�VLWH�RI�D�ODUJH�VRFNH\H
VDOPRQ�KDWFKHU\�RSHUDWHG�E\� WKH�IHGHUDO�JRYHUQPHQW� �:KLWH�HW� DO��������)LJXUH����$SSHQGL[�$��
)URP������������WKH�KDWFKHU\�UHOHDVHG�VRFNH\H�VDOPRQ�IU\�LQWR�$IRJQDN�/DNH�DQG�VKLSSHG�HJJV�WR
UHDULQJ�IDFLOLWLHV� LQ�$ODVND�DQG�RWKHU�VWDWHV��2YHU����PLOOLRQ�HJJV�ZHUH� LQFXEDWHG�DW� WKH�KDWFKHU\
GXULQJ�WKH�SHDN�\HDUV�RI�SURGXFWLRQ��7KH�IDFLOLW\�FORVHG�DIWHU�PDQ\�\HDUV�RI�PDUJLQDO�UHWXUQV�DQG
DPLG�FRQWURYHUV\�RYHU�KDWFKHU\�SURGXFWLRQ��5RSSHO�������
3K\VLFDO� EDUULHUV� SUHYLRXVO\� EORFNHG� ILVK� PLJUDWLRQV� LQWR� WKH� XSSHU� UHDFKHV� RI� WKH� 3DXOV� /DNH
V\VWHP��7KH�V\VWHP�FRPSULVHV�3DXOV��/DXUD�� DQG�*UHWFKHQ�/DNHV� DQG� LV� VLWXDWHG� LQ� WKH�QRUWKHDVW
FRUQHU�RI�3HUHQRVD�%D\�RQ�$IRJQDN�,VODQG��)LJXUH�����3ULRU�WR�DQ�$')�VDOPRQ�HQKDQFHPHQW�SURMHFW
LQ�WKH�HDUO\�����V��VRFNH\H�VDOPRQ�HVFDSHPHQW�LQWR�WKH�3DXOV�/DNH�V\VWHP�ZDV�OLPLWHG�DQQXDOO\�WR
RQO\�D�IHZ�KXQGUHG�ILVK�DQG�VSDZQLQJ�KDELWDW�ZDV�XQGHUXWLOL]HG�LQ�WKH�XSSHU�GUDLQDJH�DUHDV�GXH�WR
WKH�EDUULHUV� �+RQQROG� DQG�(GPXQGVRQ�������$SSHQGL[�$���7KH� LQVWDOODWLRQ�RI� ILVKZD\V� LQ�����
HQDEOHG� UHWXUQLQJ� DGXOWV� DFFHVV� DURXQG� WKH� EDUULHUV� WR� WKH� VSDZQLQJ� JURXQGV�� ,Q� DGGLWLRQ�� H\HG
VRFNH\H�VDOPRQ�HJJV�ZHUH�SODQWHG�LQ�*UHWFKHQ�&UHHN��D�/DXUD�/DNH�WULEXWDU\��IURP�����������WR
LQLWLDWH� DGXOW� UHWXUQV� DQG� WR� HQKDQFH� RYHUDOO� VRFNH\H� VDOPRQ� SURGXFWLRQ�� %\� WKH� ODWH� ����V�� WKH
VRFNH\H�VDOPRQ�UXQ�ZDV�ZHOO�HVWDEOLVKHG�WKURXJKRXW�WKH�3DXOV�/DNH�GUDLQDJH��,Q�������WKH�$')	*
LQVWDOOHG�D���PHWHU�VWHHSSDVV�DW�WKH�RULJLQDO�ILVKZD\�VLWH�LQ�*UHWFKHQ�&UHHN�DQG�D����PHWHU�VWHHSSDVV
DW� WKH� KLJKHVW� EDUULHU� DW�/DXUD�&UHHN� LQ� ����� �+RQQROG� �������0RGLILFDWLRQV� DQG� LPSURYHPHQWV
ZHUH�PDGH� DW� ERWK� VLWHV� LQ� WKH� ����V� DQG� ����V� E\� DGGLQJ�PRUH� VWHHSSDVVHV�� UHVWLQJ� SRROV�� DQG
ZDWHU�GLYHUVLRQ�VWUXFWXUHV��+RQQROG�DQG�(GPXQGVRQ�������
,Q� ������ WKH� $')� LQWURGXFHG� VRFNH\H� VDOPRQ� LQWR� )UD]HU� /DNH�� ZKLFK� LV� ORFDWHG� RQ� WKH
VRXWKZHVWHUQ� HQG� RI� .RGLDN� ,VODQG� �%ODFNHWW� ������ %ODFNHWW� ������ .\OH� HW� DO�� ������ )LJXUH� ��
$SSHQGL[�$���$����P�ZDWHUIDOO�EORFNHG�DQDGURPRXV�ILVK�PLJUDWLRQV�LQWR�)UD]HU�/DNH��7R�HVWDEOLVK
D� VHOI�VXVWDLQLQJ� UXQ�� VRFNH\H� VDOPRQ� HJJV�ZHUH� SODQWHG� LQ� WULEXWDU\� VWUHDPV�� DQG� IU\� DQG� DGXOWV
ZHUH�VWRFNHG�LQWR�WKH�ODNH��,Q�������DQ�$ODVND�VWHHSSDVV��=LHPHU�������ZDV�FRQVWUXFWHG�WR�DOORZ
VDOPRQ�WR�E\SDVV�WKH�EDUULHU�IDOOV��7KH�SURMHFW�SURYHG�VXFFHVVIXO�LQ�HVWDEOLVKLQJ�WKH�VRFNH\H�VDOPRQ
UXQ�E\�WKH�ODWH�����V��DQG�DGXOWV�IURP�WKLV�UXQ�DUH�FRPPHUFLDOO\�KDUYHVWHG�
.LWRL� %D\� 5HVHDUFK� 6WDWLRQ�� QRZ� NQRZQ� DV� .LWRL� %D\� +DWFKHU\�� ZDV� FRQVWUXFWHG� RQ� WKH
VRXWKHDVWHUQ�VLGH�RI�$IRJQDN�,VODQG�LQ�������+DOO�HW�DO��������)LJXUH����$SSHQGL[�$���7KH�KDWFKHU\
IDFLOLW\�ZDV�EXLOW�WR�GHYHORS�WHFKQLTXHV�IRU�VXFFHVVIXOO\�LQWURGXFLQJ�VRFNH\H�VDOPRQ�LQWR�ODNHV�QRW
XWLOL]HG� E\� DQDGURPRXV� ILVK� �EDUUHQ��� DQG� WR� HYDOXDWH� HQYLURQPHQWDO� IDFWRUV� UHODWHG� WR� VSHFLHV
FRPSHWLWLRQ�� SUHGDWLRQ�� DQG� ODNH� SURGXFWLRQ� �0HHKDQ� ������� ,Q� ������ WKH� KDWFKHU\� EHFDPH
RSHUDWLRQDO� DQG� UHVHDUFK� ZDV� LQLWLDWHG� DW� /LWWOH� .LWRL� /DNH� WR� HVWLPDWH� VRFNH\H� VDOPRQ� VPROW
HPLJUDWLRQV� �)LJXUH����� ,Q�������5XWK�/DNH� �D�EDUUHQ� ODNH� LQ� WKH�.LWRL�%D\� DUHD��ZDV� VWXGLHG� WR
H[DPLQH� WKH� HIIHFWV� RI� SUHGDWLRQ� E\� UHVLGHQW� ILVK� RQ� VWRFNHG� VRFNH\H� VDOPRQ� IU\� DQG� KRZ� ODNH
SURGXFWLRQ� UHVSRQGV� WR� GLIIHUHQW� VWRFNLQJ� GHQVLWLHV�� ,Q� WKH� HDUO\� ����V�� VWHHSSDVVHV� DQG� FRQFUHWH
UDFHZD\V�ZHUH�LQVWDOOHG�DW�WKH�RXWOHWV�RI�/LWWOH�.LWRL�DQG�5XWK�/DNHV�WR�SURYLGH�PLJUDWLRQ�FRUULGRUV
IRU� DGXOWV� DQG� VPROWV�� 7KH�5XWK�/DNH� VWHHSSDVV�ZDV� UHPRYHG� DQG� VWRFNLQJ� HIIRUWV� GLVFRQWLQXHG
DIWHU�WKH�VWXG\�ZDV�FRPSOHWHG�
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,Q�������%DUH�/DNH�RQ�.RGLDN�,VODQG��ZKLFK�GUDLQV�LQWR�WKH�$\DNXOLN�5LYHU��)LJXUH����ZDV�WKH�ILUVW
ODNH�LQ�$ODVND�IHUWLOL]HG�ZLWK�D�SKRVSKDWH�DQG�VRGLXP�QLWUDWH�PL[WXUH��5RSSHO�������+RQQROG�HW�DO�
������$SSHQGL[�$���7KH�LQWHQW�RI�WKLV�SURMHFW�ZDV�WR�GHWHUPLQH�ZKHWKHU�LQFUHDVHG�QXWULHQW�OHYHOV�LQ
WKH� ODNH� FRXOG� HQKDQFH� IUHVKZDWHU� JURZWK� DQG� VXUYLYDO� RI� MXYHQLOH� VRFNH\H� VDOPRQ�� DQG
VXEVHTXHQWO\�LQFUHDVH�DGXOW�SURGXFWLRQ��7KH�UHVXOWDQW�IHUWLOL]HU�DSSOLFDWLRQV�LQFUHDVHG�]RRSODQNWRQ
DEXQGDQFH�DQG�SURGXFHG�ODUJHU�VL]HG�VPROWV��1HOVRQ�DQG�(GPRQGVRQ�������+RQQROG�HW�DO��������
7KLV�SURMHFW�ZDV�D�SUHFXUVRU�WR�ODWHU�ODNH�HQULFKPHQW�SURJUDPV��L�H���.DUOXN�/DNH��

2WKHU�6DOPRQ�(QKDQFHPHQW�3URMHFWV
,Q�WKH�HDUO\�����V��SLQN�VDOPRQ�HQKDQFHPHQW�EHJDQ�DW�.%+��$QQXDO� IU\� UHOHDVHV�ZHUH� LQFUHDVHG
GUDPDWLFDOO\� IURP� WKRXVDQGV� RI� ILVK� LQ� WKH� ����V� WR� KXQGUHGV� RI�PLOOLRQV� LQ� WKH� ����V� �.5$$
�������.LWRL�%D\�+DWFKHU\�DOVR�EHJDQ�D�FKXP�VDOPRQ�HQKDQFHPHQW�SURMHFW�LQ�WKH�HDUO\�����V��$W
ILUVW��WKH�SURMHFW�SURGXFHG�PL[HG�UHVXOWV��KRZHYHU��UHWXUQV�WR�WKH�KDWFKHU\�KDYH�LPSURYHG�LQ�UHFHQW
\HDUV��3LQN�VDOPRQ�HQKDQFHPHQW�RQ�$IRJQDN�,VODQG�DOVR�RFFXUUHG�DW�6HDO�%D\�DQG�/LWWOH�:DWHUIDOO
&UHHN� LQ� WKH� ODWH�����V��0F'DQLHO�������+RQQROG�������)LJXUH�����)U\�SODQWV� IURP�.%+��DORQJ
ZLWK� WKH� LQVWDOODWLRQ� RI� D� ILVK� SDVV� GLG� QRW� SURYH� VXFFHVVIXO� DW� 6HDO� %D\� &UHHN�� +RZHYHU�� WKH
LQVWDOODWLRQ� RI� WKUHH� ILVK� SDVVHV� DW� /LWWOH� :DWHUIDOO� &UHHN� DOORZHG� IRU� XWLOL]DWLRQ� RI� SUHYLRXVO\
XQXVHG�VSDZQLQJ�KDELWDW��%\�WKH�HDUO\�����V��LQFUHDVHG�SLQN�VDOPRQ�SURGXFWLRQ�DW�/LWWOH�:DWHUIDOO
DOORZHG�IRU�DQ�DQQXDO�KDUYHVW�LQ�3HUHQRVD�%D\��$�ILVK�SDVV�LQVWDOOHG�DW�3RUWDJH�&UHHN�RQ�$IRJQDN
,VODQG� LQ� WKH� HDUO\� ����V� WR� HQKDQFH� SLQN� VDOPRQ� DOVR� LQFUHDVHG� VRFNH\H� DQG� FRKR� VDOPRQ
SURGXFWLRQ��:KLWH�DQG�(GPXQGVRQ�������

5HJLRQDO�6DOPRQ�3URGXFWLRQ�3ODQQLQJ
,Q�DFFRUGDQFH�ZLWK�$ODVND�6WDWXWHV����������������WKH�$')	*�&RPPLVVLRQHU�LV�UHVSRQVLEOH�IRU
WKH� GHYHORSPHQW� RI� D� FRPSUHKHQVLYH� SODQ� IRU� VDOPRQ� SURGXFWLRQ� LQ� WKH� .0$� �.537� �����
�������7KLV� UHVSRQVLELOLW\�KDV�EHHQ�GHOHJDWHG� WR� WKH�.RGLDN�5HJLRQDO�3ODQQLQJ�7HDP� �.537��
FRQVLVWLQJ� RI� UHSUHVHQWDWLYHV� IURP� WKH� $')	*� DQG� WKH� UHJLRQDO� DTXDFXOWXUH� DVVRFLDWLRQ�� 7KH
.537V�PLVVLRQ�LV�WR�SODQ�IRU�WKH�ORQJ�WHUP�IXWXUH�RI�WKH�VDOPRQ�UHVRXUFHV�ZLWKLQ�WKH�.0$�E\
HVWDEOLVKLQJ�SULRULWLHV�DQG�H[DPLQLQJ�WKH�UHJLRQ¶V�VDOPRQ�SURGXFWLRQ�SRWHQWLDO��.537�������
,Q�������WKH�&RPPLVVLRQHU�RIILFLDOO\�DSSURYHG�WKH�FUHDWLRQ�RI�WKH�.RGLDN�5HJLRQDO�$TXDFXOWXUH
$VVRFLDWLRQ� �.5$$��.537� ������� 7KH� SXUSRVH� RI� WKH�.5$$�ZDV� WR� SURYLGH� WKH� SXEOLF� DQG
XVHU�JURXSV�DVVLVWDQFH�LQ�WKH�SURFHVV�RI�HQKDQFLQJ�VDOPRQ�SURGXFWLRQ�LQ�WKH�.RGLDN�,VODQG�DUHD
LQ�DFFRUGDQFH�ZLWK�WKH�.537�FRPSUHKHQVLYH�SODQ��,Q�������WKH�UHVXOWV�RI�D�TXHVWLRQQDLUH�VHQW�RXW
WR�FRPPHUFLDO��VXEVLVWHQFH��DQG�VSRUW�ILVK�JURXSV�LQGLFDWHG�WKDW�WKH�SUHIHUUHG�VDOPRQ�VSHFLHV�WR
KDUYHVW� LQ�GHVFHQGLQJ�RUGHU�ZHUH� VRFNH\H��SLQN�� FRKR�DQG�FKXP�VDOPRQ��4XHVWLRQQDLUH� UHVXOWV
SURYLGHG�WKH�EDVLV�IRU�HVWDEOLVKLQJ�537�SURGXFWLRQ�JRDOV�
,Q� ������ WKH�&RPPLVVLRQHU� DSSURYHG�3KDVH� ,� RI� WKH�.RGLDN�5HJLRQDO�&RPSUHKHQVLYH� 6DOPRQ
3ODQ��.537��������7KH�3KDVH�,�SODQ�ZDV�FDWHJRUL]HG�LQWR�SURGXFWLRQ�DQG�KDUYHVW�JRDOV��UHVHDUFK
DQG�GDWD�JDWKHULQJ�JRDOV��DQG�SROLF\�DQG�PDQDJHPHQW�JRDOV�IRU�WKH�QH[W����\HDUV��������������,Q
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������ WKH�.537� VFKHGXOHG� DQ� LQWHULP� HYDOXDWLRQ� �3KDVH� ,,�� WR� DVVHVV� WKH� SODQ¶V� SURJUHVV�� 7KH
.537V�SURMHFW�SODQQLQJ�ZDV�GHVLJQHG�WR�DFKLHYH�HVWDEOLVKHG�JRDOV�DQG�REMHFWLYHV��DQG�EHQHILW�DV
PDQ\�RI�WKH�ILVKLQJ�XVHU�JURXSV�DV�SRVVLEOH��$SSHQGL[�$���7KLV�ZDV�DFFRPSOLVKHG�E\�DVVHVVLQJ
WKH� QHHGV� H[SUHVVHG� E\� WKH� JURXSV� GXULQJ� WKH� 3KDVH� ,� SODQQLQJ� SURFHVV�� $V� D� UHVXOW� RI� WKH
SODQQLQJ�SURFHVV��OLPQRORJLFDO�DQG�ILVKHU\�UHVHDUFK�ZHUH�LQLWLDWHG�E\�WKH�$')	*�WR�DFKLHYH�WKH
JRDOV� DQG� REMHFWLYHV� RI� WKH� .537�� 6FKURI� HW� DO�� ������� DQG� +RQQROG� DQG� 6FKURI� �����D�
GLVFXVVHG�LQ�GHWDLO�WKH�UHVHDUFK�SURMHFWV�WKDW�ZHUH�VWDUWHG�LQ�WKH�����V�DQG�����V��DQG�WKH�VWDWXV
RI�WKHVH�SURMHFWV�WR�WKH�SUHVHQW��$SSHQGL[�%��

(YDOXDWLRQ�DQG�0RQLWRULQJ
$OO�VDOPRQ�HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�SURMHFWV�DUH�HYDOXDWHG�DQG�PRQLWRUHG�HDFK�\HDU�WKURXJK
WKH�FROOHFWLRQ�RI�OLPQRORJLFDO�DQG�ILVKHULHV�LQIRUPDWLRQ�DW�HDFK�V\VWHP��LQFOXGLQJ�ODNH�SULPDU\�DQG
VHFRQGDU\�SURGXFWLRQ�GDWD��MXYHQLOH�UHDULQJ�WUHQG�GDWD��VPROW�HPLJUDWLRQ�GDWD��DQG�DGXOW�UXQ��FDWFK
DQG�HVFDSHPHQW��GDWD��$')	*�������������������)LJXUH�����,Q�DGGLWLRQ��UHDULQJ�KDWFKHU\�ILVK�DUH
DVVHVVHG�IRU�EDVHOLQH�GDWD�DQG�MXYHQLOH�VRFNH\H�VDOPRQ�DUH�PDUNHG�DW�.LWRL�%D\�+DWFKHU\�WR�DVVHVV
WKH�VXFFHVV�RI�GLIIHUHQW�VWRFNLQJ�VWUDWHJLHV�
7KH� SXUSRVH� RI� WKLV� UHSRUW� LV� WR� VXPPDUL]H� WKH� PHWKRGV� DQG� UHVXOWV� RI� VDOPRQ� VWRFNLQJV�� ODNH
HQULFKPHQW��DQG�RWKHU�HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�DFWLYLWLHV� LQ�������3UHYLRXV�\HDUV¶�GDWD�DUH
SUHVHQWHG�LQ�D�VHULHV�RI�DSSHQGLFHV�

'HVFULSWLRQ�RI�WKH�6WXG\�$UHD
7KH� V\VWHPV� VWXGLHG� LQ� WKLV� UHSRUW� DUH� ORFDWHG�ZLWKLQ� WKH�.0$��ZKLFK� FRPSULVHV�ZDWHUV� RI� WKH
ZHVWHUQ� *XOI� RI� $ODVND� VXUURXQGLQJ� WKH� .RGLDN� $UFKLSHODJR�� DQG� DORQJ� WKH� $ODVND� 3HQLQVXOD
EHWZHHQ�&DSH�'RXJODV�DQG�.LORNDN�5RFNV��%UHQQDQ�������:DGOH�DQG�%UHQQDQ�������+RQQROG�DQG
6FKURI� ����D��� 7KH� DUFKLSHODJR� LV� FRPSRVHG� RI� .RGLDN�� $IRJQDN�� 6KX\DN�� DQG� PDQ\� VPDOOHU
LVODQGV�
6DOPRQ� HQKDQFHPHQW� DQG� UHKDELOLWDWLRQ� LQYHVWLJDWLRQV� KDYH� HQFRPSDVVHG� DQ� DUHD� IURP�5HG� )R[
/DNH��������¶�1� ODW����������¶�:� ORQJ���RQ� WKH�QRUWKZHVWHUQ�HQG�RI�$IRJQDN� ,VODQG� WR� WKH�2OJD
/DNHV��FRPPRQO\�NQRZQ�DV�8SSHU�6WDWLRQ�/DNHV��RQ�WKH�VRXWKZHVWHUQ�HQG�RI�.RGLDN�,VODQG�����
��¶�1�ODW����������¶�:�ORQJ���)LJXUH�����/DNHV�LQFOXGHG�LQ�WKH�VWXG\�DUHD�DUH�JURXSHG�DFFRUGLQJ�WR
LVODQG��.RGLDN�RU�$IRJQDN��DQG�FODVVLILHG�DV�DQ�HQKDQFHPHQW��EDUUHQ���UHKDELOLWDWLRQ��DQDGURPRXV��
RU�PRQLWRUHG�V\VWHP��7DEOH����6FKURI�HW�DO���������7KH�PRUSKRORJ\�RI�HDFK�ODNH�KDV�EHHQ�DVVHVVHG
LQ�WHUPV�RI�VXUIDFH�DUHD��6$���PHDQ�GHSWK��0'���PD[LPXP�GHSWK��0D['���DQG�YROXPH��7KHVH�GDWDFDQ�EH�IRXQG� LQ� WKH�DVVRFLDWHG�$SSHQGLFHV�&���&����'����(����)����*����+���� ,���,���� -���-����.���
/����0���� 1���� 2���� 3���� DQG�4���4���� 2WKHU� OLPQRORJLFDO� FKDUDFWHULVWLFV� VXFK� DV� HXSKRWLF� ]RQH
GHSWK��(='��DQG�HXSKRWLF�YROXPH��(9��KDYH�DOVR�EHHQ�PHDVXUHG�
&UHVFHQW�DQG�6SLULGRQ�/DNHV�DUH�HQKDQFHG�V\VWHPV�RQ�.RGLDN�,VODQG�ZKHUH�FRQWLQXDO�VWRFNLQJ�RI
MXYHQLOH�VRFNH\H�VDOPRQ�LV�UHTXLUHG�WR�PDLQWDLQ�VXSSOHPHQWDO�UHWXUQV��7DEOH����)LJXUHV���DQG����
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&UHVFHQW� /DNH� VRFNH\H� VDOPRQ� �$IRJQDN� /DNH� EURRG� VRXUFH�� UHWXUQ� LQ� ODWH�0D\� WKURXJK� -XQH�
5HWXUQLQJ� DGXOWV� DUH� DYDLODEOH� IRU� ����� KDUYHVW� LQ� WKH� WUDGLWLRQDO� FRPPHUFLDO� DQG� VXEVLVWHQFH
ILVKLQJ� DUHDV� �&HQWUDO� 6HFWLRQ� RI� WKH� 1RUWKZHVW� .RGLDN� 'LVWULFW��� 7KH� 6HWWOHU� &RYH� 7HUPLQDO
+DUYHVW� $UHD� �6&7+$�� ZDV� FUHDWHG� WR� KDUYHVW� DGXOWV� WKDW� HVFDSHG� WKH� ILVKHULHV� WR� WKH� VWUHDP
WHUPLQXV� �)LJXUH� ����7KH� 6SLULGRQ�/DNH� VRFNH\H� VDOPRQ� �8SSHU� 6WDWLRQ� DQG� 6DOWHU\� /DNH� EURRG
VRXUFHV��SURMHFW�ZDV�RULJLQDOO\�HVWDEOLVKHG�DV�D�ODWH�UXQ�VWRFN��3URMHFW�JRDOV�ZHUH�FKDQJHG�WR�D�VWRFN
ZLWK�DQ�HDUOLHU� UXQ� WLPLQJ� LQ�RUGHU� WR� UHGXFH� WKH� LQFLGHQWDO� KDUYHVW� RI� ORFDO�ZLOG�SLQN� DQG�FKXP
VDOPRQ�VWRFNV��5HWXUQLQJ�DGXOWV�DUH�KDUYHVWHG�LQ�WKH�WUDGLWLRQDO�DUHDV��SXUVH�VHLQH�DQG�JLOOQHW��RI�WKH
1RUWKZHVW�.RGLDN�'LVWULFW�� 7KH� 6SLULGRQ�/DNH�7HUPLQDO�+DUYHVW�$UHD� �6/7+$��ZDV� FUHDWHG� WR
KDUYHVW�H[FHVV�ILVK�WKDW�HOXGHG�RXWVLGH�ILVKHULHV��)LJXUH����
2WKHU� ODNHV�ZLWKRXW� DQDGURPRXV� VDOPRQ� UXQV� RQ�.RGLDN� ,VODQG� WKDW� KDYH� EHHQ� LQYHVWLJDWHG� IRU
EDVHOLQH�OLPQRORJ\�GDWD�LQFOXGH�'U\�6SUXFH��*RDW��DQG�6XPPLW�/DNHV��7DEOH����)LJXUH����
.DUOXN�� )UD]HU�� DQG� %DUH� /DNHV� DUH� WKH� RQO\� ODNHV� RQ� .RGLDN� ,VODQG� WKDW� KDYH� KDG� VDOPRQ
UHKDELOLWDWLRQ�SURJUDPV��DOWKRXJK�PDQ\�RWKHU�ODNHV�KDYH�EHHQ�PRQLWRUHG�IRU�OLPQRORJ\�DQG�ILVKHU\
GDWD� �7DEOH� ��� )LJXUH� ���� 7KH� ODNHV� RQ� WKH� VRXWKZHVWHUQ� HQG� RI� .RGLDN� ,VODQG� DUH� WKH� PRVW
SURGXFWLYH� �VRFNH\H� VDOPRQ� HVFDSHPHQW� DQG� KDUYHVW�� V\VWHPV� LQ� WKH� .RGLDN� DUFKLSHODJR�� 7KH
ODUJHVW�VRFNH\H�VDOPRQ�UXQV�DQQXDOO\�DYHUDJLQJ�PRUH� WKDQ��������� LQ� WKLV�DUHD� UHWXUQ� WR�.DUOXN�
5HG��)UD]HU�� DQG� WKH�8SSHU�6WDWLRQ� �2OJD��/DNHV��6RFNH\H� VDOPRQ�HVFDSHPHQW� WLPLQJ� LQWR� WKHVH
V\VWHPV�YDULHV�IURP�PLG�0D\�WR�ODWH�6HSWHPEHU��0LQRU�V\VWHPV�SURGXFLQJ�VRFNH\H�VDOPRQ�LQ�WKLV
DUHD� WKDW� KDYH� DQ� HDUO\� WR� PLGVXPPHU� UXQ� WLPLQJ� DUH� /LWWOH� 5LYHU�� 8JDQLN�� 0XVK�� �1RUWKZHVW
.RGLDN�'LVWULFW�� DQG�+RUVH�0DULQH� �$OLWDN�%D\�'LVWULFW��/DNHV��.DUOXN��$NDOXUD�� DQG� WKH�8SSHU
6WDWLRQ�/DNHV�VRFNH\H�VDOPRQ�UXQV�HDFK�FRQWDLQ�DQ�HDUO\�DQG�D�ODWH�FRPSRQHQW�H[WHQGLQJ�IURP�0D\
WR�PLG�6HSWHPEHU�
%XVNLQ��6DOWHU\��DQG�5RVH�7HDG�ODNHV�DUH�FRQVLGHUHG�PLQRU�VRFNH\H�VDOPRQ�V\VWHPV�DQG�DUH�ORFDWHG
RQ�WKH�QRUWKHDVW�HQG�RI�.RGLDN�,VODQG�QHDU�WKH�&LW\�RI�.RGLDN��7DEOH����)LJXUH�����7KH�%XVNLQ�/DNH
VRFNH\H�HVFDSHPHQW�UHWXUQV�HDUO\��EHJLQQLQJ�LQ�ODWH�0D\�WR�PLG�-XO\��6DOWHU\�DQG�5RVH�7HDG�/DNHV
VRFNH\H�VDOPRQ�UHWXUQ�LQ�ODWH�-XQH�WKURXJK�HDUO\�$XJXVW�
2WKHU� DQDGURPRXV� VDOPRQ� V\VWHPV� RQ� .RGLDN� ,VODQG� SURSHU� WKDW� KDYH� EHHQ� PRQLWRUHG� LQFOXGH
%DUDEDUD��0LDP��DQG�6LWNDOLGDN�ODNHV��7DEOH����)LJXUH����
+LGGHQ�� -HQQLIHU�� /LWWOH� .LWRL�� /LWWOH� DQG� %LJ� :DWHUIDOO�� DQG� 5XWK� ODNHV� DUH� HQKDQFHG� V\VWHPV
ORFDWHG� RQ� $IRJQDN� ,VODQG� ZKHUH� FRQWLQXDO� VWRFNLQJ� RI� MXYHQLOH� VRFNH\H� VDOPRQ� LV� UHTXLUHG� WR
PDLQWDLQ�UHWXUQV��7DEOH����)LJXUHV���DQG�����+LGGHQ��/LWWOH�DQG�%LJ�:DWHUIDOO�ODNHV�VRFNH\H�VDOPRQ
�$IRJQDN�/DNH�EURRG�VRXUFH��UHWXUQV�DUH�LQ�ODWH�0D\�WKURXJK�-XQH��$OO�DGXOW�VRFNH\H�VDOPRQ�WKDW
UHWXUQ�WR�)RXO�%D\��+LGGHQ��DQG�:DWHUIDOO�%D\��:DWHUIDOO��7HUPLQDO�+DUYHVW�$UHDV�DUH�DYDLODEOH�IRU
�����KDUYHVW��)LJXUH�����7KH�/LWWOH�.LWRL�/DNH�VRFNH\H�VDOPRQ�SURMHFW�ZDV�RULJLQDOO\�HVWDEOLVKHG�DV
D� ODWH�UXQ� �8SSHU� 6WDWLRQ� VWRFN�� EURRGVWRFN� GHYHORSPHQW� SURJUDP�� KRZHYHU�� SURMHFW� JRDOV� ZHUH
FKDQJHG�WR�DQ�HDUOLHU�UXQ�WLPLQJ��8VLQJ�WKH�HDUOLHU�UXQ�WLPLQJ�RI�WKH�6DOWHU\�/DNH�VWRFN��ZKLFK�ZDV
H[SHFWHG� WR� UHGXFH� WKH� LQFLGHQWDO� KDUYHVW� GXULQJ� WKH� GLUHFWHG� SLQN� VDOPRQ� ILVKHU\� DW� .LWRL� %D\
+DWFKHU\� �6FKURI� HW� DO�� ������ 0F&XOORXJK� HW� DO�� ������ +RQQROG� DQG� 6FKURI� ����D��� (DUO\�UXQ
VRFNH\H�VDOPRQ��$IRJQDN�/DNH�VWRFN��VWRFNLQJ�LQWR�/LWWOH�.LWRL�/DNH�ZDV�GLVFRQWLQXHG�ZKHQ�WKH
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ODWH�UXQ�8SSHU�6WDWLRQ�VWRFN�ZDV�FKDQJHG�WR�WKH�6DOWHU\�/DNH�VWRFN��-HQQLIHU�/DNH�ZDV�DOVR�VWRFNHG
ZLWK� D� ODWH�UXQ� 8SSHU� 6WDWLRQ� VWRFN�� EXW� VWRFNLQJ� ZDV� GLVFRQWLQXHG� LQ� ����� ZKHQ� WKH� ODWH�UXQ
EURRGVWRFN�ZDV�FKDQJHG�DW�/LWWOH�.LWRL�/DNH��5XWK�/DNH�ZDV� VWRFNHG�ZLWK�6DOWHU\�/DNH� VRFNH\H
VDOPRQ� IURP� ����� WR� ������ 7KH� 5XWK� /DNH� VWRFNLQJ� SURMHFW� ZDV� DOVR� GLVFRQWLQXHG� ZKHQ� WKH
EURRGVWRFN�ZDV�FKDQJHG�DW�/LWWOH�.LWRL�/DNH��5HWXUQLQJ�DGXOWV� �ERWK�EURRGVWRFNV�� IURP�WKH�.LWRL
/DNHV��/LWWOH�.LWRL��-HQQLIHU��DQG�5XWK��ZHUH�KDUYHVWHG�IURP�ODWH�-XQH�WKURXJK�PLG�6HSWHPEHU�LQ�WKH
,]KXW�%D\��'XFN�%D\�DQG�.LWRL�%D\�VWDWLVWLFDO�ILVKLQJ�DUHDV��)LJXUH�����2QFH�WKH�UHWXUQV�DUH�VWULFWO\
6DOWHU\� /DNH� EURRGVWRFN�� WKH� UXQ�ZLOO� HQG� E\�PLG�$XJXVW�� 7KH�.LWRL� %D\� 6SHFLDO�+DUYHVW�$UHD
�.%6+$�� LV� D� GHVLJQDWHG� DUHD� WR� FROOHFW� EURRGVWRFN� DQG�RU� RSHQ� D� FRVW� UHFRYHU\� ILVKHU\�� ZKHQ
HLWKHU�RSWLRQ�LV�GHWHUPLQHG�WR�EH�QHFHVVDU\��)LJXUHV���DQG����
$IRJQDN� ,VODQG�/DNHV�ZLWKRXW�DQDGURPRXV�VDOPRQ� UXQV� WKDW�KDYH�EHHQ�PRQLWRUHG� IRU� OLPQRORJ\
GDWD� LQFOXGH�6RUJ��%LJ�:DWHUIDOO��%LJ�.LWRL�� DQG�3LOODU� ODNHV� �7DEOH����)LJXUH�����6RUJ�/DNH�ZDV
VWRFNHG�ZLWK� VRFNH\H� VDOPRQ� LQ� ������ KRZHYHU�� VWRFNLQJ�ZDV� GLVFRQWLQXHG� EHFDXVH� DQ� DUWLILFLDO
RXWOHW�ZDV�QRW�FRQVWUXFWHG�DV�SODQQHG�WR�SURYLGH�VPROW�DQ�DFFHVV�IURP�WKH�ODNH��%LJ�:DWHUIDOO�/DNH
ZDV�DOVR�VWRFNHG�RQFH�LQ�������WKHQ�VWRFNLQJ�ZDV�GLVFRQWLQXHG�DQG�UH�LQVWLWXWHG�RQ�DQ�DQQXDO�EDVLV
VWDUWLQJ�LQ������DQG�FRQWLQXLQJ�IRU������DQG������
$GXOW� UHWXUQV� RI� $IRJQDN� ,VODQG� VRFNH\H� VDOPRQ� VWRFNV� �$IRJQDN�� 3DXOV�/DXUD�� 3RUWDJH�
7KRUVKHLP�� 0DOLQD�� 5HG� )R[�� DQG� /LWWOH� $IRJQDN�� VWDUW� LQ� ODWH� 0D\� ZLWK� SHDN� HVFDSHPHQWV
RFFXUULQJ�LQ�-XQH��)LJXUH�����$IRJQDN�DQG�WKH�3DXOV�/DNH�V\VWHPV�DUH�WKH�ODUJHVW�VRFNH\H�VDOPRQ
SURGXFHUV�RQ�$IRJQDN�,VODQG��(VFDSHPHQWV�LQWR�$IRJQDN�/DNH�KDYH�W\SLFDOO\�H[FHHGHG�WKH�FXUUHQW
HVFDSHPHQW� JRDO� UDQJH� RI� ������� �� ������� VRFNH\H� VDOPRQ� DOPRVW� HYHU\� \HDU� SULRU� WR� ������ $
GUDPDWLF�GURS� LQ� WKH�$IRJQDN� ODNH�VRFNH\H�VDOPRQ�HVFDSHPHQW� WR�������� ILVK�RFFXUUHG� LQ������
7KH�FXUUHQW� VRFNH\H�VDOPRQ�HVFDSHPHQW�JRDO�RI��������������� ILVK� IRU� WKH�3DXOV�/DNH� V\VWHP
ZDV�QRW�PHW�IURP�WKH�PLG�����V�WR�WKH�HDUO\�����V��6RFNH\H�VDOPRQ�HVFDSHPHQWV� WR� WKH�3DXOV
/DNH�V\VWHP�UDQJHG�IURP�D�KLJK�RI��������ILVK�LQ������WR�D� ORZ�RI�������ILVK�LQ������ZLWK�DQ
DYHUDJH� HVFDSHPHQW� RI� ������� EHWZHHQ� �����������0RUH� UHFHQW� VRFNH\H� VDOPRQ� HVFDSHPHQWV
������������ LQWR�3DXOV�/DNH�KDYH�PHW� WKH�FXUUHQW�HVFDSHPHQW�JRDO� �%URGLH� LQ�SUHVV���6RFNH\H
VDOPRQ�HVFDSHPHQWV�LQWR�3RUWDJH�/DNH�IURP�ZHLU�FRXQWV�KDYH�DYHUDJHG�������IURP�����������DQG
����������� DQG� ������ IURP� LQGH[HG� HVFDSHPHQW� FRXQWV� ����������� DQG� ������������ 6RFNH\H
VDOPRQ� HVFDSHPHQWV� LQWR� WKH� 0DOLQD� /DNHV� V\VWHP� KDYH� DYHUDJHG� ������� IURP� ����������
7KRUVKHLP� DQG� 5HG� )R[� /DNHV� DUH� FRQVLGHUHG� PLQRU� VRFNH\H� VDOPRQ� V\VWHPV� ZLWK� OLPLWHG
HVFDSHPHQW�LQIRUPDWLRQ�
&RKR� VDOPRQ� HQKDQFHPHQW� SURMHFWV� KDYH� EHHQ� RQJRLQJ� DW� .DWPDL� /DNH�� QHDU� WKH� 9LOODJH� RI
2X]LQNLH�RQ�6SUXFH� ,VODQG�� DQG�&UHVFHQW�/DNH��QHDU� WKH�9LOODJH�RI�3RUW�/LRQV�RQ�.RGLDN� ,VODQG
�)LJXUHV� ����� DQG� ���� 3LQN� VDOPRQ� HQKDQFHPHQW� SURMHFWV� DW� /LWWOH�:DWHUIDOO� DQG� 3RUWDJH� &UHHNV
LQFUHDVHG�VSDZQLQJ�KDELWDW�DYDLODELOLW\�ZKHQ�WKH�VWHHSSDVVHV�EHFDPH�RSHUDWLRQDO��)LJXUHV���DQG����
5HWXUQLQJ�VRFNH\H�DQG�FKXP�VDOPRQ�DGXOWV�IURP�SURMHFWV�LQ�WKH�.LWRL�%D\�DUHD�UHWXUQ�LQ�-XQH�DQG
-XO\�� SLQN� VDOPRQ� UHWXUQ� LQ� -XO\� DQG�$XJXVW�� DQG� FRKR� VDOPRQ� UHWXUQ� LQ�$XJXVW� DQG�6HSWHPEHU�
.DWPDL�DQG�&UHVFHQW�/DNH�FRKR�VDOPRQ�DUH�SULPDULO\�KDUYHVWHG�LQ�VXEVLVWHQFH�DQG�VSRUW�ILVKHULHV
QHDU�WKH�YLOODJHV�LQ�$XJXVW�DQG�6HSWHPEHU��3LQN�VDOPRQ�UHWXUQLQJ�WR�/LWWOH�:DWHUIDOO�DQG�3RUWDJH
&UHHNV�DUH�KDUYHVWHG�LQ�WKH�3HUHQRVD�%D\�VHFWLRQ�GXULQJ�ODWH�-XO\�DQG�$XJXVW�
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2%-(&7,9(6

7KH������REMHFWLYHV�IRU�VDOPRQ�HQKDQFHPHQW�DQG�UHKDELOLWDWLRQ�SURMHFWV�DUH�GHVFULEHG�LQ�WKH�3LOODU
&UHHN�+DWFKHU\� �0F&XOORXJK� HW� DO�� ������ DQG�.LWRL�%D\�+DWFKHU\� �0F&XOORXJK� DQG�$UR� �����
$QQXDO�0DQDJHPHQW�3ODQV��$03V���6LPLODUO\��WKH�HYDOXDWLRQ�DQG�PRQLWRULQJ�REMHFWLYHV�IRU�����
DUH�RXWOLQHG�LQ�LQGLYLGXDO�SURMHFW�RSHUDWLRQDO�SODQV��$')	*��������2EMHFWLYHV�HVWDEOLVKHG�SULRU�WR
�����FDQ�EH�UHYLHZHG�LQ�WKH�3LOODU�&UHHN�+DWFKHU\��+RQQROG�HW�DO��������0F&XOORXJK�HW�DO������E�
������DQG�.LWRL�%D\�+DWFKHU\��+DOO�HW�DO��������0F&XOORXJK�HW�DO������D��0F&XOORXJK�DQG�$UR
������$03V��SURMHFW�RSHUDWLRQDO�SODQV��$')	*�����D���������������DQG�6FKURI�HW�DO���������

0(7+2'6

+DWFKHU\�3URGXFWLRQ
.LWRL�%D\�+DWFKHU\��.%+�
.%+�LV�D�SURGXFWLRQ�IDFLOLW\� WKDW� LQFXEDWHV�DQG�UDLVHV�IRXU�VSHFLHV�RI�VDOPRQ��+DOO�HW�DO�������
0F&XOORXJK�HW� DO�� ����D��0F&XOORXJK�DQG�$UR��������7KH� KDWFKHU\� SURJUDP� LV� EDVHG� RQ� HJJ
WDNHV�DW�%LJ�.LWRL�&UHHN��%.&��DQG�/LWWOH�.LWRL�&UHHN��/.&���LQFXEDWLRQ��DQG�UHDULQJ�RI�DOO�OLIH
VWDJHV�RQ�VLWH��3LQN�DQG�FKXP�VDOPRQ�DUH�UHDUHG�LQ�VDOWZDWHU�QHW�SHQV�DQG�UHOHDVHG�LQ�%LJ�.LWRL
%D\��%.%���'HSHQGLQJ�RQ�UHOHDVH�VWUDWHJLHV��FRKR�VDOPRQ�DUH�UHDUHG�LQ�UDFHZD\V�DQG�VKRUW�WHUP
UHDUHG�LQ�QHW�SHQV�EHIRUH�UHOHDVH�LQ�%.%��6RFNH\H�VDOPRQ�SUHVPROW�DUH�DOVR�UHDUHG�LQ�UDFHZD\V
EHIRUH� UHOHDVH� LQWR� /LWWOH� .LWRL� /DNH�� $� VPDOO� SRUWLRQ� RI� FRKR� DUH� UHDUHG� LQ� UDFHZD\V� DW� WKH
KDWFKHU\�DQG�UHOHDVHG�LQWR�GHVLJQDWHG� ODNHV� LQ� WKH�.LWRL�%D\�DUHD� WKDW�GR�QRW�KDYH�DQDGURPRXV
VDOPRQ�UXQV�
6DOWZDWHU� UHOHDVHV� LQ� ����� LQFOXGHG� ������������ SLQN� VDOPRQ� �%.&� EURRGVWRFN��� ����������
FKXP�VDOPRQ��%.&�EURRGVWRFN���DQG���������FRKR�VDOPRQ��%.&�EURRGVWRFN��7DEOH����)LJXUHV��
DQG� ���� ,Q� DGGLWLRQ�� /LWWOH� .LWRL� /DNH� ZDV� VWRFNHG� ZLWK� �������� ODWH�UXQ� 6DOWHU\� /DNH� �6/�
VRFNH\H� VDOPRQ�� ,Q� ������ �������� FRKR� VDOPRQ� �%.&�EURRGVWRFN��ZHUH� VWRFNHG� LQWR� -HQQLIHU
/DNHV�� 6RFNH\H� VDOPRQ� UHOHDVHG� LQWR� /LWWOH� .LWRL� /DNH� ZHUH� PDUNHG� �ILQ�FOLSSHG�� WR� DVVHVV
VXUYLYDO�DQG�DVVLVW�ZLWK�UXQ�UHFRQVWUXFWLRQ�
.%+�DOVR�FRQGXFWHG�D�UHPRWH�ODNH�RXW�VWRFNLQJ�SURJUDP�LQ�������7KLV�SURJUDP�HQWDLOHG�LQFXEDWLRQ
DQG�UHDULQJ�DW� WKH�KDWFKHU\��DQG�WKHQ�UHOHDVLQJ�MXYHQLOH�VDOPRQ� LQWR� ODNHV� ORFDWHG� LQ�DUHDV�GLVWDQW
IURP� WKH� IDFLOLW\�� 5HPRWH� ODNHV� VWRFNHG� YLD� .%+� LQ� ����� ZHUH� &UHVFHQW� ��������� %.&� FRKR
VDOPRQ��DQG�.DWPDL���������%.&�FRKR�VDOPRQ��ODNHV��7DEOH����)LJXUHV���DQG�����+LVWRULFDO�.%+
VDOPRQ�UHOHDVHV�DUH�GHVFULEHG��E\�VSHFLHV��LQ�$SSHQGLFHV�&���&����
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3LOODU�&UHHN�+DWFKHU\��3&+�
7KH�UHPRWH�ODNH�RXW�VWRFNLQJ�SURJUDP�IRU�.RGLDN�,VODQG�KDV�EHHQ�SULPDULO\�DVVRFLDWHG�ZLWK�3LOODU
&UHHN�+DWFKHU\��3&+��+RQQROG�HW�DO��������0F&XOORXJK�HW�DO������E��������)LJXUH�����3&+�ZDV
FRQVWUXFWHG� IRU� WKH� SULPDU\� SXUSRVH� RI� VWRFNLQJ� EDUUHQ� ODNHV� DQG� WR� UHKDELOLWDWH� GHSUHVVHG
DQDGURPRXV�V\VWHPV��,Q�DGGLWLRQ��D�VPDOO�QXPEHU�RI�FRKR�DQG�FKLQRRN�2��WVKDZ\WVFKD�VDOPRQ�DUH
UHDUHG�DW�3&+�WR�HQKDQFH�VSRUW� ILVK�RSSRUWXQLWLHV�DORQJ� WKH�.RGLDN� ,VODQG�URDG�V\VWHP��6RFNH\H
VDOPRQ�HJJ�WDNHV�IRU�EDUUHQ�ODNH�VWRFNLQJ�SURMHFWV�RFFXU�DW�$IRJQDN�DQG�6DOWHU\�/DNHV��)LJXUH����
(JJ� WDNHV�ZHUH� DOVR� FRQGXFWHG� DW� 8SSHU� 6WDWLRQ� DQG� /LWWOH� .LWRL� /DNHV� SULRU� WR� ������ -XYHQLOH
VRFNH\H�VDOPRQ�ZHUH�LQFXEDWHG�DQG�UHDUHG�DW�3&+�WR�WKH�IU\��ILQJHUOLQJ��DQG�SUHVPROW�OLIH�VWDJHV�
SULRU�WR�UHOHDVH�LQWR�WKH�VHOHFWHG�ODNHV�
,Q� ������ HDUO\�UXQ� VRFNH\H� VDOPRQ� UHOHDVHV� RI� $IRJQDN� /DNH� EURRGVWRFN� IURP� 3&+� LQFOXGHG
�������� LQWR�+LGGHQ�/DNH���������� LQWR�/LWWOH�:DWHUIDOO�/DNH���������� LQWR�%LJ�:DWHUIDOO�/DNH�
DQG���������LQWR�&UHVFHQW�/DNH��7DEOH����)LJXUH�����(DUO\�UXQ�VRFNH\H�VDOPRQ�UHOHDVHV�LQWR�/LWWOH
.LWRL� DQG� 6RUJ� /DNHV� ZHUH� GLVFRQWLQXHG� DIWHU� ������ ,Q� ������ 6SLULGRQ� /DNH� ZDV� VWRFNHG� ZLWK
����������VRFNH\H�VDOPRQ�RI�6DOWHU\�/DNH�VWRFN�IURP�3&+��7DEOH����)LJXUH�����+LVWRULFDO�UHOHDVHV
RI� VRFNH\H� VDOPRQ� IURP� 3&+� DUH� OLVWHG� LQ� $SSHQGLFHV� '���� (���� )���� DQG� *���� &RKR� VDOPRQ
MXYHQLOHV����������ZHUH�DOVR�VWRFNHG�LQWR�.RGLDN�,VODQG�ODNHV�ORFDWHG�RQ�WKH�URDG�V\VWHP�LQ�����
�0F&XOORXJK�DQG�&OHYHQJHU�������
$V�SDUW�RI�WKH�UHPRWH�RXWVWRFNLQJ�SURJUDP�DW�3&+��$IRJQDN��0DOLQD��DQG�/DXUD�/DNHV�VRFNH\H
VDOPRQ�VWRFNV�DUH�EHLQJ�UHKDELOLWDWHG��6RFNH\H�VDOPRQ�HJJV�DUH�LQFXEDWHG�DQG�MXYHQLOHV�DUH�VKRUW
WHUP�UHDUHG�DW�3&+��6WRFNLQJV�LQWR�WKHVH�WKUHH�ODNHV�GLG�QRW�RFFXU�LQ������EDVHG�RQ�HVFDSHPHQW
JRDOV� EHLQJ� DFKLHYHG�� 3UHYLRXV� MXYHQLOH� VRFNH\H� VDOPRQ� RXWVWRFNLQJV� LQWR� ODNHV� EHLQJ
UHKDELOLWDWHG�DUH�GRFXPHQWHG�LQ�$SSHQGLFHV�+����,����DQG�-���
7KH� HJJ�WDNH� SURFHGXUHV� DQG� ILVK� FXOWXUH� PHWKRGV� XVHG� WR� LQFXEDWH�� UHDU�� DQG� UHOHDVH� VDOPRQ
VWRFNHG� IURP�.%+�DQG�3&+�DUH� GHVFULEHG� LQ� WKH� UHVSHFWLYH� KDWFKHU\� DQQXDO�PDQDJHPHQW� SODQV
�0F&XOORXJK�DQG�$UR��������0F&XOORXJK�DQG�&OHYHQJHU�������

3ODQQLQJ�$QQXDO�6WRFNLQJ�/HYHOV
7KH�SULPDU\�FRQVLGHUDWLRQ�LQ�GHYHORSLQJ�VWRFNLQJ�UHFRPPHQGDWLRQV�LV�WKH�IRUDJH�EDVH�VWDWXV�RI
HDFK� ODNH�� DQG� VHFRQGDULO\�� WKH� UHDULQJ� OLPLWDWLRQV� �L�H��� ODFN� RI� ZDWHU�� UHDULQJ� XQLWV�� DW� 3LOODU
&UHHN�+DWFKHU\�DQG�.LWRL�%D\�+DWFKHU\��7KH�LQLWLDO�VWRFNLQJ�FDSDFLW\�GHWHUPLQHG�IRU�HDFK�ODNH
ZDV� FDOFXODWHG� IURP� EDWK\PHWU\�PHDVXUHPHQWV� DQG� WZR� \HDUV� RI� OLJKW� SHQHWUDWLRQ� GDWD�� 7KHVH
GDWD� ZHUH� DSSOLHG� WR� D� HXSKRWLF� YROXPH� �(9�� PRGHO� DV� GHVFULEHG� E\� .RHQLQJV� DQG� %XUNHWW
��������,QGLYLGXDO�DQDO\VHV�UHVXOWHG�LQ�D� UHFRPPHQGHG�UDQJH�RI� IU\� UHOHDVHG� LQWR�D� ODNH��ZKLFK
FRXOG�SURGXFH�HLWKHU� WKUHVKROG�����PLOOLPHWHU�RU���JUDP��RU�RSWLPDO� ����PLOOLPHWHU�RU���JUDP�
VL]H� VRFNH\H� VDOPRQ� VPROW�� 7KH� ORZHU� RU� RSWLPXP� OHYHO� ZDV� XVHG� DV� D� JXLGH� IRU� EHJLQQLQJ
VWRFNLQJ� SURMHFWV� DW� HDFK� EDUUHQ� ODNH�� 6WRFNLQJ� OHYHOV� IRU� DQDGURPRXV� ODNHV� FRQVLGHUHG� IRU
UHKDELOLWDWLRQ�ZHUH�DGMXVWHG�EDVHG�RQ�IU\�UHFUXLWPHQW�IURP�WKH�SDUHQW�\HDU�HVFDSHPHQW�
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$IWHU�WKH�ILUVW�IHZ�\HDUV�RI�VWRFNLQJ��OLPQRORJLFDO�GDWD�SURYLGHG�LQIRUPDWLRQ�XVHG�WR�PRGLI\�WKH
(9�PRGHO�FDOFXODWLRQV�WR�DGMXVW�VWRFNLQJ�FDSDFLWLHV�IRU�VRPH�ODNHV��+RQQROG�DQG�6FKURI�����E��
&RQVHTXHQWO\�� IRU� WKH� ODVW� VHYHUDO� \HDUV�� VWRFNLQJ� OHYHOV� KDYH� EHHQ� G\QDPLF�� DQG� DGMXVWHG� LQ
DFFRUGDQFH�ZLWK� WKH�]RRSODQNWRQ�DEXQGDQFH�DQG�ELRPDVV� WUHQGV�DW� HDFK� ODNH��7KH�DQDGURPRXV
V\VWHPV� �$IRJQDN�� 0DOLQD�� DQG� /DXUD� ODNHV�� ZHUH� HYDOXDWHG� IRU� VWRFNLQJ� OHYHOV� LQ� D� VLPLODU
PDQQHU� WR� WKH� EDUUHQ� ODNHV�� KRZHYHU�� HVFDSHPHQW� DQG� ODNH� HQULFKPHQW� ZHUH� FRQVLGHUHG
VLJQLILFDQW� IDFWRUV��/DNH�HQULFKPHQW�KDV� VXFFHVVIXOO\� LQFUHDVHG� WKH�]RRSODQNWRQ�DEXQGDQFH�DQG
ELRPDVV�LQ�WKHVH�ODNHV�DQG�DOORZV�PRUH�IOH[LELOLW\�LQ�VWRFNLQJ��,Q�������D�UHVSRQVH�WR�GHFOLQHV�LQ
WKH�IRUDJH�EDVH�DW�EDUUHQ�ODNHV�UHVXOWHG�LQ�WKH�LPSOHPHQWDWLRQ�RI�D�SUH�VPROW�UHDULQJ�VWUDWHJ\�DW
WKH� KDWFKHULHV�� 7KLV� UHDULQJ� VWUDWHJ\�� LQ� ZKLFK� VRFNH\H� VDOPRQ� DUH� UHDUHG� XQWLO� 2FWREHU�� ZDV
HPSOR\HG� WR� UHGXFH� UHDULQJ� WLPH� LQ� WKH� VWRFNHG� ODNHV� WR� WDNH� DGYDQWDJH� RI� WKH� ORZHU� EDVDO
PHWDEROLVP�RI�MXYHQLOHV�LQ�RUGHU�WR�OHVVHQ�WKH�LPSDFW�RQ�WKH�]RRSODQNWRQ�SRSXODWLRQ��3UHOLPLQDU\
GDWD�LQGLFDWH�WKDW�WKLV�VWUDWHJ\�KDV�ZRUNHG��0RVW�EDUUHQ�ODNHV��+LGGHQ��%LJ�DQG�/LWWOH�:DWHUIDOO�
DQG�/LWWOH�.LWRL��DUH�QRZ�VWRFNHG�ZLWK�SUH�VPROW��+LGGHQ�/DNH�ZDV�VWRFNHG�IRU�VHYHUDO�\HDUV�ZLWK
ERWK� IU\� DQG� SUHVPROW�� KRZHYHU�� UHGXFWLRQV� LQ� ]RRSODQNWRQ� LQGLFDWH� WKDW� SUH�VPROW�PD\� EH� WKH
RQO\�RSWLRQ�WR�FRQWLQXH�SURGXFWLRQ�XQWLO�WKH�IRUDJH�EDVH�UHERXQGV��+RQQROG�DQG�6DJDONLQ������
+RQQROG�DQG�6FKURI�����E���$QDGURPRXV�ODNHV�DSSHDU�WR�EH�PRUH�UHVLOLHQW��DQG�UHERXQG�TXLFNHU
DIWHU� RYHUJUD]LQJ� RI� WKH� ]RRSODQNWRQ� SRSXODWLRQ��$GGLWLRQDOO\�� IHUWLOL]DWLRQ� SURYLGHV� D� QXWULHQW
EXIIHU�IRU�DQDGURPRXV�ODNHV��DOORZLQJ�IU\�WR�EH�VWRFNHG�DW�KLJKHU�OHYHOV�XQGHU�WKH�UHKDELOLWDWLRQ
SURJUDP�
7KH� JRDO� RI� WKH� SODQQLQJ� SURFHVV� LV� WR� PDLQWDLQ� KHDOWK\� ODNH� UHDULQJ� HQYLURQPHQWV� ZKLOH
FRQWLQXLQJ�VPROW�DQG�DGXOW�SURGXFWLRQ�DW�FRVW�HIIHFWLYH�OHYHOV��%HWZHHQ������������WKH�$')	*
OLPQRORJ\�VWDII�DGYLVHG�WKH�$')	*�.RGLDN�VWDII�DQG�.5$$�RQ�WKH�DSSURSULDWH�VWRFNLQJ�OHYHOV
IRU�HDFK�ODNH�RQ�DQ�DQQXDO�EDVLV��7\SLFDOO\�� WKH�]RRSODQNWRQ�GDWD�DQDO\VLV�IRU�D�JLYHQ�\HDU�ZDV
FRPSOHWHG�E\�HDUO\�ZLQWHU�DQG�LQLWLDO�VWRFNLQJ�UHFRPPHQGDWLRQV�ZHUH�SURYLGHG�SULRU�WR�GUDIWLQJ
WKH�$03V��7KHVH�UHFRPPHQGDWLRQV�ZHUH�DGMXVWHG�VOLJKWO\�WR�DFFRPPRGDWH�WKH�UHDULQJ�FDSDFLW\
DQG�VFKHGXOH�RI�WKH�KDWFKHULHV�
6LQFH������� LQ�VHDVRQ�DQDO\VLV�RI� ]RRSODQNWRQ�GDWD� FROOHFWHG� DW� HDFK� VWRFNHG� ODNH� KDV� DVVLVWHG
ZLWK�SODQQLQJ�FXUUHQW�\HDU�VWRFNLQJ�DGMXVWPHQWV�ZKHQ�QHHGHG��DQG�HVWDEOLVKLQJ�DQG�SODQQLQJ�WKH
IROORZLQJ�\HDU¶V�JRDOV��,Q�������ZKHQ�OLPQRORJ\�VXSSRUW�ZDV�GLVFRQWLQXHG��WKH�.RGLDN�$')	*
VWDII� GHYHORSHG� WKH� VWRFNLQJ� UHFRPPHQGDWLRQV� �+RQQROG� HW� DO�� ������ ������ DQG� DVVXPHG� DOO
OLPQRORJLFDO�SURFHVVLQJ�DQG�DQDO\VHV�UHVSRQVLELOLWLHV�IRU�WKH�:HVWZDUG�5HJLRQ�LQ������

/DNH�(QULFKPHQW
/DNH� HQULFKPHQW� SURJUDPV� KDYH� EHHQ� DQ� LQWHJUDO� SDUW� RI� WKH� UHKDELOLWDWLRQ� DQG� HQKDQFHPHQW
SURMHFWV� LQ�WKH�.0$�VLQFH�������7KH� LQWHQW�RI� WKH� ODNH�HQULFKPHQW�SURMHFWV�KDV�EHHQ� WR� LQFUHDVH
]RRSODQNWRQ� ELRPDVV�� IU\� JURZWK� DQG� VXUYLYDO�� DQG� DGXOW� UHWXUQV�� )HUWLOL]HU� DSSOLFDWLRQV� ZHUH
FRQWLQXHG� LQ� ����� DW�PDQ\� ODNHV� RQ�$IRJQDN� ,VODQG�� LQFOXGLQJ� XSSHU� DQG� ORZHU�0DOLQD�� /DXUD�
/LWWOH�:DWHUIDOO�DQG�/LWWOH�.LWRL�/DNHV��)LJXUH�����/DNH�HQULFKPHQW�SURMHFWV�ZHUH�FRPSOHWHG�SULRU�WR
�����DW�.DUOXN��������������)UD]HU��������������3RUWDJH��������������DQG�$IRJQDN������������
/DNHV��)LJXUH����



��

/DNHV� KDYH� EHHQ� WUHDWHG�ZLWK� D� QXWULHQW� DGGLWLRQ� FRPSRVHG� ����1���3���.� UDWLR�� RI� DQ� DTXHRXV
QLWURJHQ��1���ZKLWH�SKRVSKRUXV��3���DQG�SRWDVVLXP��.��VROXWLRQ�VSUD\HG�IURP�D�IL[HG�ZLQJ�DLUFUDIW
�.\OH� ������ .RHQLQJV� DQG� .\OH� ������� 7KH� IHUWLOL]HU� W\SH� ZDV� EDVHG� RQ� WKH� SKRVSKRUXV� DQG
QLWURJHQ�OHYHOV�LQ�HDFK�ODNH��3KRVSKRUXV�ZDV�DGGHG�LQ�WKH�IRUP�RI�LQRUJDQLF�SKRVSKDWH�DQG�QLWURJHQ
DV�D�PL[WXUH�RI�DPPRQLXP��QLWUDWH��DQG�XUHD��$�IHUWLOL]HU�1�WR�3�UDWLR�RI������LV�WKH�RSWLPDO�UDWLR
XVHG� IRU� QRQ� EOXH�JUHHQ� DOJDO� SURGXFWLRQ� �9ROOHQZHLGHU� ������� &DOFXODWLRQV� ZHUH� EDVHG� RQ
VXSSOHPHQWDO�SKRVSKRUXV�OHYHOV�ZLWK�DQ�DQQXDO�PHDQ�ORDGLQJ�UDWH�RI�����DFFRUGLQJ�WR�HTXDWLRQV�E\
9ROOHQZHLGHU� ��������7KH� IHUWLOL]HU�ZDV�DSSOLHG� WR� WKH� ODNH�VXUIDFH�RQ�D�ZHHNO\�EDVLV� IURP�-XQH
WKURXJK�$XJXVW�WR�PLQLPL]H�UDSLG�IOXVKLQJ�RI�QXWULHQWV��7KH�DPRXQW�RI�OLTXLG�IHUWLOL]HU�DSSOLHG�LQ
�����UDQJHG�IURP��������ORZHU�0DOLQD��WR���������/DXUD��NLORJUDPV��7DEOH�����+LVWRULFDO�QXWULHQW
DSSOLFDWLRQV�E\�ODNH�DUH�GHVFULEHG�LQ�$SSHQGLFHV�&�����)����+����,����-����.����/����DQG�0���

%DUULHU�%\SDVVHV�±�,QFUHDVLQJ�$YDLODEOH�+DELWDW
$GXOW�%\SDVV�6\VWHPV
$QRWKHU�PHWKRG�XVHG�WR�LQFUHDVH�VDOPRQ�SURGXFWLRQ�LQ�WKH�.RGLDN�,VODQG�DUFKLSHODJR�KDV�EHHQ
WKH�LQVWDOODWLRQ�DQG�RSHUDWLRQ�RI�EDUULHU�E\SDVVHV��DOVR�UHIHUUHG�WR�DV�ILVKZD\V��VWHHSSDVVHV��ILVK
SDVVHV�� RU� ILVK� ODGGHUV�� WR� DOORZ� XWLOL]DWLRQ� RI� SUHYLRXVO\� XQDYDLODEOH� VSDZQLQJ� DQG� UHDULQJ
KDELWDW�� &XUUHQWO\�� WKHUH� DUH� QLQH� RSHUDWLRQDO� E\SDVVHV� LQ� WKH� .RGLDN� ,VODQG� DUFKLSHODJR�� 'RJ
6DOPRQ�&UHHN��)UD]HU�5LYHU��ILVK�SDVV�LV�ORFDWHG�RQ�.RGLDN�,VODQG��DQG�/LWWOH�.LWRL�/DNH��3RUWDJH
&UHHN��/DXUD�&UHHN��*UHWFKHQ�&UHHN��/LWWOH�:DWHUIDOO�&UHHN��DQG�6HDO�%D\�&UHHN�ILVK�SDVVHV�DUH
ORFDWHG�RQ�$IRJQDN�,VODQG��7DEOH����)LJXUH�����7KH�KLVWRU\�EHKLQG�WKH�E\SDVVHV�DQG�WKH�V\VWHPV
ZKHUH�WKH\�DUH�XWLOL]HG�LV�EULHIO\�GHVFULEHG�LQ�6FKURI�HW�DO����������3KRWRV�RI�WKH�E\SDVVHV��H[FHSW
IRU�WKH�6HDO�%D\�&UHHN�E\SDVV��DUH�SURYLGHG�LQ�$SSHQGLFHV�&�����)����-����.����DQG�/���
6SLULGRQ�/DNH�6PROW�%\SDVV
$� VPROW� E\SDVV� V\VWHP� LQVWDOOHG� DW� 7HOURG� &UHHN� �GUDLQLQJ� 6SLULGRQ� /DNH�� WR� PRYH� VRFNH\H
VDOPRQ�VPROW�GRZQVWUHDP�DURXQG�LQMXULRXV�EDUULHU�IDOOV�KDV�EHHQ�RSHUDWHG�VLQFH�������6WRFNHG
IU\�XWLOL]H�WKH�QXUVHU\�KDELWDW�LQ�6SLULGRQ�/DNH�DQG�PLJUDWH�RXW�DV�VPROW�YLD�D�SLSHOLQH�DURXQG�WKH
IDOOV�WR�WKH�PDULQH�HQYLURQPHQW��6PROW�DUH�HQXPHUDWHG�DQG�VDPSOHG�IRU�DJH�DQG�VL]H�DV�WKH\�SDVV
WKURXJK�WKH�E\SDVV�V\VWHP��$�PRUH�GHWDLOHG�GHVFULSWLRQ�RI�WKH�GHVLJQ�DQG�PDWHULDOV��$SSHQGL[�'���
XVHG�DQG�RWKHU�PHWKRGV�DUH�SURYLGHG�LQ�+RQQROG��������DQG�$')	*��������
6WUHDP�&OHDUDQFH
6WUHDP�FOHDUDQFH�SURMHFWV�KDYH�DOVR�EHHQ�XVHG�WR�SURYLGH�LPSURYHG�DFFHVV�WR�VSDZQLQJ�DQG�UHDULQJ
KDELWDW��6FKURI�HW�DO���������,Q�������-HQQLIHU�DQG�5XWK�FUHHNV�LQ�WKH�.LWRL�%D\�DUHD��)LJXUH����ZHUH
H[DPLQHG�SHULRGLFDOO\�WR�HQVXUH�WKDW�QR�REVWUXFWLRQV�WR�VPROW�SDVVDJH�H[LVWHG�



��

+DUYHVW�2SSRUWXQLWLHV�IRU�(QKDQFHG�6DOPRQ
6DOPRQ� HQKDQFHPHQW� SURMHFWV� UHTXLUH�PHWKRGV� IRU� KDUYHVWLQJ� DGXOW� VDOPRQ� UHWXUQV� LQ� DQ� RUGHUO\
IDVKLRQ�ZLWKRXW�DGYHUVHO\�DIIHFWLQJ�ZLOG� VWRFNV� �0F&XOORXJK�HW� DO�� ����D��0F&XOORXJK�DQG�$UR
�������+DUYHVW�VWUDWHJLHV� IRU�HQKDQFHG�VDOPRQ�UHWXUQV� LQFOXGH�VSHFLDO�RSHQLQJV� LQ� WKH�GHVLJQDWHG
7+$�DQG��LI�EURRGVWRFN�FROOHFWLRQ�RU�FRVW�UHFRYHU\�ILVKLQJ�LV�UHTXLUHG�LQ�WKH�6SHFLDO�+DUYHVW�$UHDV
�6+$��� 7KHVH� KDUYHVW� DUHDV� DUH� LQFOXGHG� DV� SDUW� RI� PDQDJHPHQW� SODQV� IRU� WKH� .0$� WKDW� ZHUH
SUHYLRXVO\�DSSURYHG�E\�WKH�$ODVND�%RDUG�RI�)LVKHULHV��%2)��:DGOH�������%UHQQDQ��������7KHUH�LV
RQH�6+$��.LWRL�%D\��DQG� ILYH�7+$V� �6HWWOHU�&RYH��)RXO�%D\��:DWHUIDOO�%D\��0DOLQD�&UHHN�DQG
6SLULGRQ�/DNH��LQ�WKH�.0$��7DEOH����)LJXUH����
.LWRL�%D\�6+$
7KH�.LWRL�%D\�KDUYHVW�VWUDWHJ\� LV�GHVFULEHG� LQ� WKH�(DVWVLGH�$IRJQDN�0DQDJHPHQW�3ODQ� ��$$&
��������IRU�WKH�'XFN��,]KXW��DQG�.LWRL�%D\�6HFWLRQV��$')	*�����E��)LJXUH�����7KH�.LWRL�%D\
+DWFKHU\� SURYLGHV� HQKDQFHG� VDOPRQ� ILVKLQJ� RSSRUWXQLWLHV� IRU� WKH� .RGLDN� FRPPRQ� SURSHUW\
ILVKHULHV�E\�LQFUHDVLQJ�UHWXUQV�RI�VRFNH\H��FRKR��SLQN�DQG�FKXP�VDOPRQ�WR�.LWRL�%D\��+DOO�HW��DO
�������7KH�.LWRL�%D\�6+$�ZDV�FUHDWHG�WR�KDUYHVW�DOO�H[FHVV�VDOPRQ�DIWHU�EURRGVWRFN�QHHGV�DUH
PHW� �7DEOH� ���� .LWRL� %D\� 6+$� ERXQGDULHV� LQFOXGH� DOO� ZDWHUV� QRUWKZHVW� RI� D� OLQH� IURP� WKH
UHJXODWRU\�PDUNHUV�ORFDWHG�DW�WKH�HQWUDQFH�WR�.LWRL�%D\�FRPPRQO\�NQRZQ�DV�³WKH�MDZV´��+DOO�HW
DO��������)LJXUH����
6HWWOHU�&RYH�7+$
-XYHQLOH�VRFNH\H�VDOPRQ�KDYH�EHHQ�VWRFNHG�LQWR�&UHVFHQW�/DNH�DQQXDOO\��VLQFH�������+RQQROG�HW
DO��������)LJXUH����$SSHQGL[�*�����&UHVFHQW�/DNH��D�EDUUHQ�ODNH��HPSWLHV�LQWR�6HWWOHU�&RYH��SDUW
RI�.L]KX\DN�%D\��7KHVH�DUHDV�DUH�PDQDJHG�ZLWKLQ�WKH�&HQWUDO�6HFWLRQ�RI�WKH�1RUWKZHVW�.RGLDN
'LVWULFW��&RKR�VDOPRQ�KDYH�DOVR�EHHQ�VWRFNHG�LQWR�WKH�ODNH�HDFK�\HDU�VLQFH�������$SSHQGL[�*����
$�PDQDJHPHQW� SODQ� ZDV� DGRSWHG� ��$$&� �������� E\� WKH� $ODVND� %2)� LQ� ����� JRYHUQLQJ� WKH
KDUYHVW�RI�&UHVFHQW�/DNH�FRKR�VDOPRQ��%UHQQDQ��������7KLV�SODQ�GLG�QRW�FRYHU�D�KDUYHVW�VWUDWHJ\
IRU� UHWXUQLQJ� VRFNH\H� VDOPRQ��+RZHYHU�� D� WHUPLQDO� KDUYHVW� DUHD�ZDV� HVWDEOLVKHG� LQ� UHJXODWLRQ�
�$$&���������WR�SURYLGH�IRU�WKH�KDUYHVW�RI�UHWXUQV�WR�6HWWOHU�&RYH��$')	*�����E��)LJXUH����
7KH�6HWWOHU�&RYH�7HUPLQDO�+DUYHVW�$UHD�ERXQGDULHV�DUH�DOO�ZDWHUV�RI�6HWWOHU�&RYH�ZHVW�RI����R
�����¶�:�ORQJ���7DEOH����$SSHQGL[�*����
)RXO�%D\�7+$
-XYHQLOH� VRFNH\H� VDOPRQ� KDYH� EHHQ� VWRFNHG� LQWR� +LGGHQ� /DNH� DQQXDOO\� VLQFH� ������ XQGHU� D
FRRSHUDWLYH�DJUHHPHQW�EHWZHHQ�WKH�8QLWHG�6WDWHV�)LVK�DQG�:LOGOLIH�6HUYLFH��):6���$')	*��DQG
WKH�.5$$��+RQQROG�HW�DO��������+RQQROG�DQG�6FKURI�����E��)LJXUH����$SSHQGL[�(�����7KH�LQWHQW
RI�WKLV�SURMHFW�LV�WR�HQKDQFH�WKH�FRPPRQ�SURSHUW\�ILVKHU\�LQ�WKH�.0$�XVLQJ�DQ�HDUO\�UXQ��-XQH�WR
HDUO\�-XO\��VRFNH\H�VDOPRQ�VWRFN��$IRJQDN�/DNH�� UHWXUQLQJ� WR�)RXO�%D\��7KH�)RXO�%D\�7HUPLQDO
+DUYHVW�$UHD� �LQ� UHJXODWLRQ��$&&���������$')	*�����E��ERXQGDULHV� HQFRPSDVV� DOO�ZDWHUV�RI
)RXO�%D\�HDVW�RI����R������¶�:�ORQJ��WR�WKH�WHUPLQXV�RI�+LGGHQ�&UHHN��VWUHDP�����������7DEOH���



��

)LJXUH� ��� $SSHQGL[� (����� $OO� UHWXUQLQJ� DGXOW� VRFNH\H� VDOPRQ� DUH� DYDLODEOH� IRU� KDUYHVW� LQ� WKH
FRPPHUFLDO�ILVKHU\�E\�WKH�LQVWDOODWLRQ�RI�D�EDUULHU�ZHLU�DFURVV�+LGGHQ�&UHHN��$SSHQGL[�(����
:DWHUIDOO�%D\�7+$
7KH�:DWHUIDOO�/DNH�HDUO\�UXQ�VRFNH\H�VDOPRQ�HQKDQFHPHQW�SURMHFW�ZDV�VWDUWHG�LQ������WR�LQFUHDVH
WKH� ILVK� DYDLODEOH� IRU� FRPPHUFLDO� KDUYHVW� E\� SHUPLW� KROGHUV� LQ� WKH� .0$� �+RQQROG� HW� DO�� �����
)LJXUH����$SSHQGL[�)�����/LWWOH�:DWHUIDOO�/DNH�KDV�EHHQ�XVHG�DV�D�UHDULQJ�DUHD�IRU�MXYHQLOH�VRFNH\H
VDOPRQ� WKDW� HYHQWXDOO\�PLJUDWH� WR� WKH�RFHDQ� DQG� UHWXUQ� WR�:DWHUIDOO�%D\� DV� DGXOWV��$OO� UHWXUQLQJ
DGXOW�VRFNH\H�VDOPRQ�DUH�PDGH�DYDLODEOH�IRU�FRPPHUFLDO�KDUYHVW�E\�WKH�XVH�RI�D�EDUULHU�QHW�EORFNLQJ
VDOPRQ�PLJUDWLRQV� LQWR�/LWWOH�:DWHUIDOO�&UHHN� �$SSHQGL[�)�����7KH�:DWHUIDOO�%D\�7+$�ZDV� SXW
LQWR�UHJXODWLRQ��$$&��������WR�SURYLGH�IRU�DQ�RUGHUO\�KDUYHVW�LQ�WKH�FRPPHUFLDO�ILVKHU\��$')	*
����E���7KH�7+$�ERXQGDULHV�LQFOXGH�DOO�ZDWHUV�VHDZDUG�RI�WKH�VWUHDP�WHUPLQXV�RI�VWUHDPV��������
DQG���������WR�D�VWUDLJKW�OLQH�H[WHQGLQJ�QRUWKZHVWHUO\�IURP���R������¶�1�ODW������R�������:�ORQJ�
WR���R������¶�1�ODW������R������¶�:�ORQJ���7DEOH����)LJXUH����$SSHQGL[�)����
0DOLQD�&UHHN�7+$
7KH� 0DOLQD� /DNHV� UHKDELOLWDWLRQ� SURMHFW� EHJDQ� LQ� ����� WR� LQFUHDVH� WKH� QDWXUDO� SURGXFWLRQ� RI
VRFNH\H� VDOPRQ� WR� WKH� V\VWHP�� 7R� LQFUHDVH� VRFNH\H� VDOPRQ� SURGXFWLRQ�� WKH� $')	*� DQG� WKH
.5$$�LPSOHPHQWHG�D�ODNH�IHUWLOL]DWLRQ�SURMHFW�DORQJ�ZLWK�VXSSOHPHQWDO�IU\�VWRFNLQJV��XVLQJ�WKH
VRFNH\H�VDOPRQ�VWRFN�RI�RULJLQ� �.\OH�DQG�+RQQROG�������)LJXUH���DQG����� ,Q� WKH�HYHQW� WKDW�DQ
H[FHVV� QXPEHU� RI� VRFNH\H� VDOPRQ� UHWXUQ� WR�0DOLQD� &UHHN�� WKH� .0$� ELRORJLVW� E\� HPHUJHQF\
RUGHU��(2��PD\�RSHQ�WKH�0DOLQD�&UHHN�7+$�WR�FRPPHUFLDO�VDOPRQ�ILVKLQJ��+RQQROG�DQG�6FKURI
����D���7KH�7+$�ERXQGDU\���$$&���������FRQVLVWV�RI�DOO�ZDWHUV�ZLWKLQ�RQH�KDOI�QDXWLFDO�PLOH
RI�WKH�EHDFK�QHDU�WKH�WHUPLQXV�RI�0DOLQD�&UHHN�EHWZHHQ���R������¶�1�ODW��DQG���R������¶�1�ODW�
�$')	*�����E��7DEOH�����7KLV�UHJXODWLRQ�ZDV�DSSURYHG�E\�WKH�%2)�LQ�-DQXDU\�������DQG�ZHQW
LQWR�HIIHFW�DW�WKH�EHJLQQLQJ�RI�WKH������FRPPHUFLDO�VDOPRQ�VHDVRQ�
6SLULGRQ�/DNH�7+$
7KH�6SLULGRQ�/DNH�VRFNH\H�VDOPRQ�HQKDQFHPHQW�SURMHFW�ZDV�LQLWLDWHG�LQ�WKH�ODWH�����V�EHWZHHQ
WKH�$')	*�DQG�WKH�86):6��+RQQROG�������+RQQROG�HW�DO��������)LJXUH����$SSHQGL[�'�����7KH
SXUSRVH�RI�WKH�SURMHFW�ZDV�WR�SURYLGH�VXSSOHPHQWDO�VRFNH\H�VDOPRQ�IRU�WKH�FRPPHUFLDO�KDUYHVW�LQ
WUDGLWLRQDO�ZHVWVLGH�.RGLDN� ILVKLQJ�DUHDV�RI� WKH�.0$�� ,Q������� WKH�%2)�DGRSWHG� WKH�6SLULGRQ
/DNH�6RFNH\H�6DOPRQ�0DQDJHPHQW�3ODQ���$$&���������HVWDEOLVKLQJ�WKH�WHUPLQDO�KDUYHVW�DUHD�DW
7HOURG�&RYH�DV�D�GHVLJQDWHG�DUHD�WR�KDUYHVW�VXUSOXV�VRFNH\H�VDOPRQ��$')	*�����E��)LJXUH����
7KH� 6SLULGRQ� /DNH� 7HUPLQDO� +DUYHVW� $UHD� �6/7+$�� ERXQGDULHV� LQFOXGH� DOO� ZDWHUV� RI� 7HOURG
&RYH�QRUWK�RI�D�OLQH�H[WHQGLQJ�IURP�6WUHDP�3RLQW���R������¶�1�ODW������R������¶�:�ORQJ��WR���R
�����¶� 1� ODW��� ���R� �����¶� :� ORQJ�� �7DEOH� ��� $SSHQGL[� '����� 7KH� 6/7+$� ERXQGDU\� KDG
RULJLQDOO\�HQFRPSDVVHG�D�ODUJHU�DUHD�LQ�6SLULGRQ�%D\�EXW�ZDV�UHGXFHG�WR�7HOURG�&RYH�LQ������WR
OLPLW� LQWHUFHSWLRQ� RI� FKXP� DQG� SLQN� VDOPRQ� GHVWLQHG� IRU� WKH� 6SLULGRQ� 5LYHU� DW� WKH� KHDG� RI
6SLULGRQ�%D\�



��

6FDOH� SDWWHUQ� DQDO\VLV� DORQJ�ZLWK� YLVXDO� VFDOH� SDWWHUQ� LGHQWLILFDWLRQ�ZDV� FRQGXFWHG� IURP� ����
WKURXJK� ����� WR� HVWLPDWH� WKH� FRQWULEXWLRQ� RI� 6SLULGRQ� /DNH� VRFNH\H� VDOPRQ� LQ� WKH� .RGLDN¶V
ZHVWVLGH� FRPPHUFLDO� FDWFKHV�� 6WRFN� VHSDUDWLRQ� RI� VRFNH\H� VDOPRQ� UHWXUQLQJ� WR� 6SLULGRQ� /DNH
ZDV�GLVFRQWLQXHG�DIWHU�������+RZHYHU��WKH�UHVXOWV�IURP�WKH�����������VWRFN�DVVHVVPHQW�VWXGLHV�
ZKLFK� SURYLGH� D� PHFKDQLVP� WR� DFFRXQW� IRU� 6SLULGRQ� /DNH� RULJLQ�� ZHUH� DSSOLHG� WR� WKH� ����
KDUYHVW�GDWD�IURP�WKH�7+$��WKH�6:�$IRJQDN�6HFWLRQ�DQG�1:�.RGLDN�'LVWULFWV�FRPELQHG�

(YDOXDWLRQ�DQG�0RQLWRULQJ��/LPQRORJLFDO�$VVHVVPHQW
$OO� ODNHV� ZHUH� DVVHVVHG� IRU� EDVHOLQH� OLPQRORJ\� GDWD� IRU� D� PLQLPXP� RI� WZR� \HDUV� SULRU� WR� WKH
LQLWLDWLRQ� RI� VDOPRQ� HQKDQFHPHQW� �VWRFNLQJ�� DQG�RU� UHKDELOLWDWLRQ� �VWRFNLQJ� DQG�RU� IHUWLOL]DWLRQ�
SURMHFWV��6FKURI�HW�DO��������+RQQROG�DQG�6FKURI�����D���2QFH�VWRFNLQJ�DQG�RU�IHUWLOL]DWLRQ�SURMHFWV
ZHUH�LQLWLDWHG��PRQLWRULQJ�DQQXDO� OLPQRORJLFDO� WUHQGV�DW�HDFK�ODNH�ZHUH�FRQWLQXHG� WKURXJKRXW� WKH
SURJUDP�IRU�D�PLQLPXP�RI�WZR�SRVW�SURMHFW�\HDUV��,Q�������ODNHV�DVVHVVHG�IRU�IHUWLOL]DWLRQ�LQFOXGHG
$IRJQDN��/LWWOH�:DWHUIDOO��0DOLQD��ORZHU�DQG�XSSHU���/DXUD��DQG�/LWWOH�.LWRL�/DNHV��7DEOH����)LJXUH
���� &UHVFHQW�� +LGGHQ�� /LWWOH� :DWHUIDOO�� DQG� 6SLULGRQ� /DNHV� ZHUH� DVVHVVHG� IRU� VWRFNLQJ� HIIHFWV�
6DOWHU\� /DNH� ZDV� DOVR� PRQLWRUHG� EHFDXVH� WKH� VRFNH\H� VDOPRQ� DUH� WDNHQ� DV� EURRGVWRFN� IRU� WKH
6SLULGRQ� /DNH� SURMHFW�� 6SLULGRQ� DQG� +LGGHQ� /DNHV� ZHUH� PRQLWRUHG� PRUH� IUHTXHQWO\� IRU� PRUH
OLPQRORJLFDO�SDUDPHWHUV�WR�FRPSO\�ZLWK�WKH�):6�(QYLURQPHQWDO�$VVHVVPHQW��($��FULWHULD��/DVWO\�
.DUOXN��)UD]HU��%LJ�:DWHUIDOO��8SSHU�DQG�/RZHU�-HQQLIHU��DQG�5XWK�/DNHV�ZHUH�VDPSOHG�DV�SDUW�RI
FRQWLQXHG�PRQLWRULQJ�RU�SRVW�SURMHFW�VRFNH\H�VDOPRQ�VWRFNLQJ�DVVHVVPHQWV�
/DNH�6DPSOLQJ�3URWRFRO
/LPQRORJLFDO�VXUYH\V�ZHUH�FRQGXFWHG�RQ����.RGLDN�DQG�$IRJQDN�,VODQG�ODNHV�LQ�������7DEOH����
6XUYH\V�ZHUH� FRQGXFWHG� DW� DSSUR[LPDWHO\�����ZHHN� LQWHUYDOV�GXULQJ� WKH� LFH� IUHH� VHDVRQ� �0D\�
6HSWHPEHU��IRU�D�WRWDO�RI�IRXU�WR�ILYH�VXUYH\V�SHU�ODNH��H[FHSW�IRU�%LJ�:DWHUIDOO�/DNH�ZKHUH�RQO\
WKUHH�]RRSODQNWRQ�VDPSOHV�ZHUH�FROOHFWHG���)ORDW�HTXLSSHG�DLUFUDIW�SURYLGHG�WUDQVSRUWDWLRQ�WR�DQG
IURP�VDPSOLQJ�VLWHV��6XUYH\V�ZHUH�FRQGXFWHG�DIWHU�PRRULQJ�WR�DQ�DQFKRUHG�EXR\��VWDWLRQ��DW�WKH
GHHSHVW� SRLQW� LQ� WKH� ODNH�� %HFDXVH� RI� WKH� UHODWLYHO\� ODUJH� VXUIDFH� DUHD� DQG� ($� VDPSOLQJ
UHTXLUHPHQWV�� WZR� VDPSOLQJ� VWDWLRQV� ZHUH� HVWDEOLVKHG� DW� 6SLULGRQ� DQG� )UD]HU� ODNHV�� $W� HDFK
VWDWLRQ��PHDVXUHPHQWV�RI� WHPSHUDWXUH�� GLVVROYHG�R[\JHQ�� DQG� OLJKW�SHQHWUDWLRQ�ZHUH� WDNHQ�� DQG
]RRSODQNWRQ� VDPSOHV� FROOHFWHG�� ,Q� DGGLWLRQ�� ZDWHU� VDPSOHV�ZHUH� DOVR� FROOHFWHG� IURP�$IRJQDN�
+LGGHQ�� /DXUD�� /LWWOH�.LWRL�� /LWWOH� DQG� %LJ�:DWHUIDOO�� 8SSHU� DQG� /RZHU�0DOLQD�� DQG� 6SLULGRQ
/DNHV��6DPSOLQJ�DQG�ODERUDWRU\�DQDO\VLV�PHWKRGV�DUH�GHVFULEHG�EHORZ�LQ�GHWDLO�DQG�LQ�6FKURI�HW
DO���������
/DNH�0RUSKRPHWU\
(TXLSPHQW�DQG�SURFHGXUHV�XVHG�WR�FKDUW�WKH�ERWWRP�SURILOHV�RI�HDFK�ODNH�DUH�GHVFULEHG�LQ�6FKURI
HW� DO�� �������� 'HSWK� SURILOHV� ZHUH� GHWHUPLQHG� IRU� HDFK� ODNH� IROORZLQJ� SURFHGXUHV� RXWOLQHG� E\
+RQQROG�HW�DO����������2QFH�GHSWK�SURILOHV�ZHUH�HVWDEOLVKHG��WKH�VXUIDFH�DUHD��6$���WRWDO�YROXPH�
PD[LPXP�GHSWK��DQG�PHDQ�RU�DYHUDJH�GHSWK�ZHUH�FDOFXODWHG�IRU�HDFK�ODNH��6FKURI�HW�DO��������
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/LJKW�DQG�:DWHU�&ODULW\
8QGHUZDWHU�OLJKW�LQWHQVLW\�RU�GRZQZDUG�OLJKW�SHQHWUDWLRQ�ZDV�PHDVXUHG�DV�IRRW�FDQGOHV�XVLQJ�D
3URWRPDWLF¸� VXEPHUVLEOH� SKRWRPHWHU� VHQVLWLYH� WR� WKH� YLVLEOH� VSHFWUDO� UDQJH� ��������
QDQRPHWHUV���0HDVXUHPHQWV�ZHUH�WDNHQ�DW�����P�LQFUHPHQWV�IURP�WKH�VXUIDFH�WR�D�GHSWK�RI���P�
DQG� DW� VXEVHTXHQW� ��P� LQFUHPHQWV� WR� WKH� ODNH� ERWWRP� RU� WR� D� GHSWK� HTXLYDOHQW� WR� ��� RI� WKH
VXEVXUIDFH�UHDGLQJ��7KH�YHUWLFDO�H[WLQFWLRQ�FRHIILFLHQW�IRU�GRZQZDUG�OLJKW��.G��P����ZDV�REWDLQHG
IURP�WKH�HTXDWLRQ�

,]� �,RH�.G�RU�OQ�,]� �OQ�,R���.G] ���
ZKHUH� ,]� DQG� ,R� DUH� WKH� YDOXHV� RI� OLJKW� SHQHWUDWLRQ� DW� ]�PHWHUV� �P�� DQG� MXVW� EHORZ� WKH� VXUIDFH�UHVSHFWLYHO\��:HW]HO�DQG�/LNHQV��������7KH�OLQHDU�UHJUHVVLRQ�FRHIILFLHQW�RI�OQ�,]�DJDLQVW�GHSWK��]�JLYHV�WKH�YDOXH�RI�.G��$VVXPLQJ�.G�LV�FRQVWDQW�ZLWK�GHSWK��WKH�HXSKRWLF�]RQH�GHSWK��(='��RU�WKHGHSWK� DW� ZKLFK� ��� RI� WKH� VXEVXUIDFH� OLJKW� UHPDLQV�� LV� JLYHQ� E\� ����.G� �.LUN� ������� :DWHU
WUDQVSDUHQF\�ZDV�PHDVXUHG�XVLQJ�D�VWDQGDUG����FP�GLDPHWHU�EODFN�DQG�ZKLWH�6HFFKL�GLVN�DW�WKH
GHSWK�DYHUDJHG�ZKHQ�WKH�GLVN�GLVDSSHDUHG�DQG�UHDSSHDUHG�IURP�WKH�REVHUYHU¶V�YLHZ�
7HPSHUDWXUH�DQG�'LVVROYHG�2[\JHQ
7HPSHUDWXUH�SURILOHV�PHDVXUHG�LQ�&HQWLJUDGH��R&��DQG�GLVVROYHG�R[\JHQ��'2��OHYHOV�PHDVXUHG�LQ
PLOOLJUDP�SHU�OLWHU��PJ�O����ZHUH�FROOHFWHG�IURP�WKH�ODNH�VXUIDFH�WR�WKH�ERWWRP�RU�WR�D�PD[LPXP
GHSWK� RI� ��� PHWHUV� DW� ��P� LQFUHPHQWV� XVLQJ� D� <6,� PRGHO� ���%� DQDO\]HU�� 7HPSHUDWXUH� SUREH
DFFXUDF\�ZDV�FDOLEUDWHG�DJDLQVW�D�PHUFXU\�WKHUPRPHWHU�LQ�HDFK�ODNH��7KH�PHWHU�VHOI�FDOLEUDWHV�IRU
'2�OHYHOV��DQG�VDPSOHUV�YHULILHG�'2�OHYHOV�DJDLQVW�WKH�WHPSHUDWXUH�DQG�DOWLWXGH�FRQYHUVLRQ�WDEOH
RQ�WKH�EDFN�RI�WKH�PHWHU�WR�HQVXUH�WKH�PHWHU�ZDV�ZRUNLQJ�SURSHUO\�
*HQHUDO�:DWHU�&KHPLVWU\�DQG�1XWULHQWV
%HJLQQLQJ�LQ�������WKH�.RGLDN�$')	*�EHJDQ�RSHUDWLQJ�D�OLPQRORJ\�ODERUDWRU\�ORFDOO\�EHFDXVH
WKH�6WDWHZLGH�/LPQRORJ\�ODERUDWRU\�LQ�6ROGRWQD�VFDOHG�EDFN�RQ�WKH�DQDO\VLV�RI�ZDWHU�FKHPLVWU\
DQG� QXWULHQW� SDUDPHWHUV�� ,Q� ������ DQDO\VLV� RI� ZDWHU� FKHPLVWU\� DQG� QXWULHQW� SDUDPHWHUV� ZHUH
IXUWKHU� UHGXFHG� WR� WHVWLQJ� S+� DQG� DONDOLQLW\�� +LVWRULFDOO\�� .RGLDN� DUHD� ODNHV� KDYH� EHHQ
H[WHQVLYHO\� WHVWHG� IRU� FRQGXFWLYLW\�� S+�� DONDOLQLW\�� WXUELGLW\�� FRORU�� FDOFLXP�� PDJQHVLXP�� LURQ�
VLOLFRQ��DQG�FDUERQ��:DWHU�VDPSOHV�IRU�JHQHUDO�ZDWHU�FKHPLVWU\�DQG�QXWULHQW�DQDO\VHV� WKDW�ZHUH
FROOHFWHG�DQG�DQDO\]HG�SULRU�WR������IROORZHG�SURFHGXUHV�RXWOLQHG�LQ�.RHQLQJV�HW�DO����������DQG
WKH�$')	*�ODERUDWRU\�RSHUDWLRQDO�SODQ��$')	*�������
+\GURJHQ�6XOILGH
$Q� DQR[LF� K\GURJHQ� VXOILGH� OD\HU�ZDV� GLVFRYHUHG� RQ� WKH� ERWWRP� RI� /LWWOH�.LWRL� /DNH� LQ� ����
�$')	*��������7HVWLQJ�WR�TXDQWLI\�WKH�YROXPH�RI�+�6�RQ�WKH�ODNH�ERWWRP�ZDV�VWDUWHG�LQ������'XULQJ�WKH�ZLQWHU�RI������������K\GURJHQ�VXOILGH�ZDV�UHPRYHG�E\�VXEPHUJLQJ�D����FP�GLDPHWHU
SRO\HWK\OHQH�SLSH�LQ�WKH�ODNH�EDVLQ�DQG�FUHDWLQJ�D�VLSKRQ�WKDW�SDUWLDOO\�UHPRYHG�WKH�ERWWRP�OD\HU
RI�K\GURJHQ�VXOILGH�IURP�WKH�ODNH�
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:DWHU�VDPSOHV�ZHUH�FROOHFWHG�DQG�WHVWHG�IURP�WZR�VWDWLRQV�HVWDEOLVKHG�RQ�/LWWOH�.LWRL�/DNH�IRU
WKH�SUHVHQFH�RI�K\GURJHQ�VXOILGH� LQ�������6DPSOHV�ZHUH�FROOHFWHG�DQG�SUHSDUHG� IRU�DQDO\VLV�DV
RXWOLQHG� E\� 6WULFNODQG� DQG� 3DUVRQV� ������� DQG�&OLQH� ������� DQG�PRGLILHG� E\�.RHQLQJV� HW� DO�
�������� 7KH� VXOILGH� ZDV� FRQYHUWHG� WR� D� YLROHW�FRORUHG� FRPSRXQG� E\� LWV� UHDFWLRQ� ZLWK� S�
SKHQ\OHQHGLDPLQH�DQG�IHUULF�FKORULGH��7KH�UHVXOWV�RI�WKH�+�6�VDPSOH�WHVWHG�ZDV�WKHQ�PXOWLSOLHGE\������WR�GHWHUPLQH�WR[LF�OHYHOV�RI�+�6�LQ�WKH�ERWWRP�OD\HU��.RHQLQJV�HW�DO��������
&KORURSK\OO�D
'LVFUHWH�VDPSOHV�IRU�WKH�DQDO\VLV�RI�WKH�DOJDO�SLJPHQW�FKORURSK\OO�D��FKO�D��ZHUH�FROOHFWHG�DW�WKH
��P�GHSWK�DQG�DQDO\]HG�E\�PHWKRGV�GHVFULEHG�E\�.RHQLQJV�HW�DO���������DQG�WKH�$')	*��������
=RRSODQNWRQ
9HUWLFDO�]RRSODQNWRQ�KDXOV�IURP�HDFK�VLWH�ZHUH�FROOHFWHG�XVLQJ�D�����P�GLDPHWHU������mP�PHVK�
FRQLFDO�QHW��7KH�QHW�ZDV�SXOOHG�PDQXDOO\�DW�D�FRQVWDQW�VSHHG��a����P�VHF����IURP���P�RII�WKH�ODNH
ERWWRP� RU� IURP� D�PD[LPXP� GHSWK� RI� ���P� WR� WKH� VXUIDFH�� 1HW� FRQWHQWV� IURP� HDFK� WRZ�ZHUH
HPSWLHG� LQWR� VHSDUDWH� ����PO� SRO\ERWWOHV� DQG� SUHVHUYHG� LQ� ���� QHXWUDOL]HG� IRUPDOLQ�
&ODGRFHUDQV� DQG� FRSHSRGV�ZHUH� LGHQWLILHG� DFFRUGLQJ� WR� WD[RQRPLF� NH\V� LQ�3HQQDN� ������� DQG
7KRUS� DQG�&RYLFK� ��������=RRSODQNWRQ�ZHUH� HQXPHUDWHG� DQG�PHDVXUHG� LQ� WULSOLFDWH���PO� VXE�
VDPSOHV� WDNHQ� ZLWK� D� +DQVHQ�6WHPSHO� SLSHWWH� DQG� SODFHG� LQ� D� 6HGJHZLFN�5DIWHU� FRXQWLQJ
FKDPEHU��/HQJWKV�RI����DQLPDOV�RI�HDFK�VSHFLHV�ZHUH�PHDVXUHG�WR�WKH�QHDUHVW������PP�DQG�WKH
PHDQ�ERG\� OHQJWK�IRU�HDFK� WD[RQ�ZDV�FDOFXODWHG��%LRPDVV�ZDV�HVWLPDWHG� IURP�VSHFLHV�VSHFLILF
OLQHDU�UHJUHVVLRQ�HTXDWLRQV�EHWZHHQ�OHQJWK�DQG�GU\�ZHLJKW�GHULYHG�E\�.RHQLQJV�HW�DO���������
0DULQH�7HPSHUDWXUH��6DOLQLW\��DQG�3ODQNWRQ�6DPSOLQJ
7HPSHUDWXUH��R&��DQG�VDOLQLW\�LQ�SDUWV�SHU�WKRXVDQG��������SURILOHV�ZHUH�GHWHUPLQHG�DW�IRXU�VLWHV
LQ�.LWRL�%D\�XVLQJ�D�<6,�PRGHO����6�&�7�PHWHU��5HDGLQJV�ZHUH�WDNHQ�DW�WKH�VXUIDFH�GRZQ�WR���
P�RU�MXVW�RII�WKH�ERWWRP�DW���P�LQFUHPHQWV�
3ODQNWRQ�WRZV�ZHUH�FRQGXFWHG�WR�PHDVXUH�SK\WRSODQNWRQ�DQG�]RRSODQNWRQ� OHYHOV�DW� WKUHH�VLWHV� LQ
.LWRL�%D\��$W�HDFK�VLWH��WZR�YHUWLFDO�WRZV�ZHUH�UHWULHYHG�PDQXDOO\�DW�D�FRQVWDQW�UDWH�XVLQJ�D����FP
GLDPHWHU������mP�PHVK�SODQNWRQ�QHW��%RWK�SODQNWRQ�VDPSOHV�ZHUH�SRXUHG�LQWR�D�JUDGXDWHG�VHWWOLQJ
F\OLQGHU� IRU����KRXUV�EHIRUH�PHDVXULQJ��3K\WRSODQNWRQ�DQG�]RRSODQNWRQ�YROXPHV�ZHUH�PHDVXUHG
VHSDUDWHO\�WR�WKH�QHDUHVW�PO�

(YDOXDWLRQ�DQG�0RQLWRULQJ��-XYHQLOH�$VVHVVPHQW
,QGLFHV�RI�-XYHQLOH�5HDULQJ�$EXQGDQFH
+\GURDFRXVWLF�VXUYH\V�ZHUH�FRQGXFWHG�RQ�+LGGHQ��/LWWOH�.LWRL��/LWWOH�:DWHUIDOO�DQG�6SLULGRQ�/DNHV
LQ������ WR�SURYLGH� LQGLFHV�RI� UHDULQJ� MXYHQLOH� VRFNH\H� VDOPRQ�SRSXODWLRQV��6XUYH\V� FRQVLVWHG�RI
FROOHFWLQJ� GDWD� DORQJ� WUDQVHFWV� SHUSHQGLFXODU� WR� WKH� ORQJLWXGLQDO� D[LV� RI� HDFK� ODNH�� 'DWD� ZHUH
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UHFRUGHG� DORQJ� HDFK� WUDQVHFW� DW� QLJKW� ZKHQ� MXYHQLOH� VRFNH\H� VDOPRQ� ZHUH� PRUH� OLNHO\� WR� EH
GLVWULEXWHG�LQ�WKH�XSSHU�WR�PLGGOH�SDUW�RI�WKH�ZDWHU�FROXPQ��8QJHU�DQG�%UDQGW�������+DQVVRQ������
$SSHQ]HOOHU�DQG�/HJJHWW��������6SHFLILF� ILHOG�PHWKRGV�DQG� LQVWUXPHQWV�XVHG� IRU�GDWD�DFTXLVLWLRQ
DUH�GHVFULEHG�E\�WKH�$')	*��������
7KH� K\GURDFRXVWLF� GDWD� IRU� HDFK� ODNH� ZHUH� DQDO\]HG� E\� ³(FKR� &RXQWLQJ´� WHFKQLTXHV� XVLQJ
SURFHGXUHV�GHVFULEHG�E\�$')	*���������7KH�ODNHV¶�VXUIDFH�DUHD��VWUDWD�GHSWKV��WDUJHW�FRXQWV��DQG
SHUFHQWV�SHU�VWUDWXP� ZHUH� HQWHUHG� LQWR� D� FRPSXWHU� SURJUDP�� 7DUJHWV� �ILVK�� DWWULEXWDEOH� WR� WKH
HVWLPDWH�ZHUH�HQXPHUDWHG�E\�]RRPLQJ�WR�D�GHSWK�UDQJH��ZRUNLQJ�DFURVV�HDFK�GHSWK�UDQJH�LQ�HDFK
WUDQVHFW�� DQG� FRXQWLQJ� WKH�QXPEHU�RI� HFKRHV�SHU� ILVK��7KH� HFKRHV� SHU� ILVK�ZHUH� HQWHUHG� LQWR� WKH
FRPSXWHU� SURJUDP�� (VWLPDWHV� IRU� HDFK� VWUDWXP� ZHUH� FRPSXWHU�JHQHUDWHG� DQG� WRWDO� SRSXODWLRQ
HVWLPDWHV�PDGH�E\� VXPPLQJ� WKH� VWUDWD��7KH�YDULDQFHV� DQG�����FRQILGHQFH� LQWHUYDOV� �&,�� IRU� WKH
WRWDO�ILVK�HVWLPDWHV�ZHUH�FDOFXODWHG�XVLQJ�IRUPXODH�IURP�7KRUQH�DQG�7KRPDV��������GHVFULEHG�E\
.\OH��������
6SHFLHV�&RPSRVLWLRQ��$JH��DQG�6L]H�RI�5HDULQJ�6RFNH\H�6DOPRQ
7RZQHW� FDWFKHV� DUH�XVHG� WR� HVWLPDWH� WKH� MXYHQLOH� VRFNH\H� VDOPRQ�SRSXODWLRQ� IRU� HDFK� VXUYH\� E\
PXOWLSO\LQJ�WKH�FRPSRVLWLRQ�RI�VRFNH\H�LQ�WKH�FRPELQHG�WRZQHW�FDWFKHV�E\�WKH�WRWDO�ILVK�SRSXODWLRQ
HVWLPDWH�� 7UDQVHFW� DQG� VWUDWD� YDULDQFHV� DV� ZHOO� DV� WKH� ���� &,� IRU� MXYHQLOH� VRFNH\H� SRSXODWLRQ
HVWLPDWHV�ZHUH�FDOFXODWHG�XVLQJ�IRUPXODH�IURP�7KRUQH���������GHVFULEHG�E\�.\OH���������6SHFLHV
FRPSRVLWLRQ� HVWLPDWHV�ZHUH� QRW�PDGH� IRU�+LGGHQ�� /LWWOH�:DWHUIDOO�� DQG� 6SLULGRQ� /DNHV� EHFDXVH
ZDWHU� FODULW\� FRPSOLFDWHG� WKH� VXFFHVVIXO� FDSWXUH� RI� VRFNH\H� VDOPRQ�� )HZ� RWKHU� VSHFLHV� UHVLGH� LQ
WKHVH�ODNHV�VR�K\GURDFRXVWLF�HVWLPDWHV�ZHUH�XVHG�DV�LQGLFHV�RI�UHDULQJ�VRFNH\H�VDOPRQ�DEXQGDQFH�
(VWLPDWHV�RI�DEXQGDQFH�JHQHUDWHG�E\�WRZQHW�GDWD�DV�DSSOLHG� WR�K\GURDFRXVWLF�GDWD�ZHUH� W\SLFDOO\
IURP�DQDGURPRXV� ODNHV� �H�J���6DOWHU\�/DNH��ZKHUH� ODUJH�SRSXODWLRQV�RI�VWLFNOHEDFNV�RFFXU��7KHVH
HVWLPDWHV�ZHUH�DOVR�FRQVLGHUHG�UHODWLYH�LQGLFHV�RI�DEXQGDQFH�
+LVWRULFDOO\��K\GURDFRXVWLF�DQG�WRZQHW�VXUYH\V�KDYH�EHHQ�FRQGXFWHG�DW�PRVW�SURMHFW�ODNHV�DQG�RWKHU
ODNHV� SUHYLRXVO\� PRQLWRUHG� IRU� ILVK� SRSXODWLRQ� WUHQGV�� 3UHYLRXV� VXUYH\V� RFFXUUHG� DW� $IRJQDN�
$NDOXUD��&UHVFHQW��)UD]HU��.DUOXN��/DXUD��0DOLQD��3RUWDJH��5HG��DQG�8SSHU�6WDWLRQ�/DNHV��)LJXUH
���
6RFNH\H�6DOPRQ�6PROW�(VWLPDWHV
)UD]HU��.DUOXN��DQG�0DOLQD�/DNHV���0DUN�UHFDSWXUH��0�5��G\H�WHVW�SURJUDPV�ZHUH�UH�LQVWLWXWHG
DW�)UD]HU�/DNH�LQ�������DW�.DUOXN�/DNH�LQ�������DQG�LQLWLDWHG�DW�0DOLQD�/DNHV�LQ������WR�HVWLPDWH
WKH� HPLJUDWLQJ� VRFNH\H� VPROW� SRSXODWLRQV�� 7KH� 0�5� SURJUDP� KDV� EHHQ� FRQGXFWHG� HDFK� \HDU
WKURXJK������DW�)UD]HU�/DNH��7KH�WUDS�RQ�WKH�RXWOHW�IURP�)UD]HU�/DNH�ZDV�RSHUDWHG�IURP���0D\
WR���-XO\� LQ�������6PROW�SRSXODWLRQ�VWXGLHV�KDYH�EHHQ�RQJRLQJ�DQQXDOO\� IURP������ WR������DW
.DUOXN�/DNH��DQG� WKH� WUDS�ZDV�RSHUDWLRQDO� IURP���0D\� WR���-XO\� LQ�������$W�0DOLQD�/DNH�� WKH
VPROW� SURMHFW� ZDV� GLVFRQWLQXHG� LQ� ����� DQG� WKHQ� UHLQLWLDWHG� LQ� ����� DQG� FRQWLQXHG� DQQXDOO\
WKURXJK� ������ ,Q� ������ WKH� WUDS�ZDV� RSHUDWHG� DW�0DOLQD�&UHHN� IURP� ���0D\� WR� ��� -XQH�� 7KH
PHWKRGV�XVHG�DW�)UD]HU��.DUOXN��DQG�0DOLQD�/DNHV�ZHUH�YHU\�VLPLODU�DQG�GHVFULEHG� LQ�GHWDLO� LQ
WKH������RSHUDWLRQDO�SODQV��$')	*�������



��

/LWWOH�.LWRL�/DNH���(DFK�\HDU�VLQFH�������D�I\NH�QHW�WUDS����PP�PHVK��ZDV�VHW�XS�LQ�WKH�ILVK�SDVV
FRPSRXQG�DW�WKH�RXWOHW�RI�/LWWOH�.LWRL�/DNH�WR�HQXPHUDWH�WKH�VRFNH\H�VPROW�HPLJUDWLRQV��7KH�WUDS
ZDV�RSHUDWHG�IURP���0D\�WR����-XO\�LQ������
6SLULGRQ�/DNH���$V�SUHYLRXVO\�GHVFULEHG��D�E\SDVV�V\VWHP�KDV�EHHQ�XVHG�VLQFH������WR�SDVV�VPROW
HPLJUDWLQJ�IURP�6SLULGRQ�/DNH�DURXQG�WKH�RXWOHW�IDOOV��+RQQROG��������,Q�������WLPHG�FRXQWV�RI
VPROW� SDVVLQJ� WKURXJK� WKH� E\SDVV� V\VWHP� ZHUH� XVHG� WR� HVWLPDWH� WKH� GDLO\� VRFNH\H� VPROW
RXWPLJUDWLRQ�IURP���0D\�WR���-XO\��0HWKRGV�IRU�REWDLQLQJ�VPROW�FRXQWV�DQG�D�GHVFULSWLRQ�RI�WKHLU
PRYHPHQW�WKURXJK�WKH�E\SDVV�V\VWHP�DUH�SURYLGHG�LQ�6FKURI�HW�DO���������DQG�$')	*��������
3ULRU� VRFNH\H� VDOPRQ� VPROW� HPLJUDWLRQ� HVWLPDWHV� ZHUH� PDGH� IRU� RWKHU� .RGLDN� ,VODQG� ODNHV
LQFOXGLQJ�$IRJQDN��$NDOXUD��&RJJLQV�DQG�6DJDONLQ��������.DUOXN��5HG��&RJJLQV��������DQG�WKH
8SSHU�6WDWLRQV�/DNHV��%DUUHWW�HW�DO��������
6RFNH\H�6DOPRQ�6PROW�$JH�DQG�6L]H
6RFNH\H�VDOPRQ�VPROW�ZHUH�FDSWXUHG� WR� VDPSOH� IRU�DJH� DQG� VL]H�GXULQJ�RXWPLJUDWLRQV� LQ�����
IURP�)UD]HU��.DUOXN��0DOLQD�� /LWWOH�.LWRL�� 6SLULGRQ��$IRJQDN��+LGGHQ�� /DXUD�� /LWWOH�:DWHUIDOO�
3RUWDJH��DQG�6DOWHU\�/DNHV��6PROW�ZHUH�FROOHFWHG�XVLQJ�D�&DQDGLDQ�IDQ�WUDS��I\NH�QHW��LQFOLQH�WUDS�
GLS� QHW� RU� EHDFK� VHLQH� LQ� WKH� RXWOHW� VWUHDP� RU� GUDLQDJH� RI� WKH� UHVSHFWLYH� ODNH�� ,Q� DGGLWLRQ�
UDFHZD\�UHDULQJ� VPROW� RU� SUHVPROW� ZHUH� VDPSOHG� IURP� 3LOODU� &UHHN� +DWFKHU\� DQG� .LWRL� %D\
+DWFKHU\�SULRU�WR�UHOHDVH��6PROW�ZHUH�DQHVWKHWL]HG�LQ�D�WULFDLQH�PHWKDQHVXOIRQDWH��06������DQG
ZDWHU�VROXWLRQ�DQG�VDPSOHG�IRU�$:/�DV�SUHYLRXVO\�GHVFULEHG�IRU�UHDULQJ�ILVK�

$VVHVVPHQW�DQG�0RQLWRULQJ��$GXOW�3URGXFWLRQ
(QKDQFHG�6DOPRQ�5XQV��(DUO\�5XQ
&UHVFHQW�/DNH���&UHVFHQW�/DNH�VRFNH\H�DQG�FRKR�VDOPRQ�UXQV�ZHUH�PRQLWRUHG�E\�WUDFNLQJ�FDWFKHV
LQ�WKH�6HWWOHU�&RYH�7+$����������WKURXJK�WKH�$')	*�GDWDEDVH��3ULRU�WR�-XO\�����WKH�7+$�LV�QRW
RSHQ�WR�FRPPHUFLDO�ILVKLQJ�XQOHVV�D�ODUJH�QXPEHU�RI�DGXOWV�HVFDSH�WKH�QRUPDO�ILVKLQJ�SHULRGV�LQ�WKH
WUDGLWLRQDO� ILVKLQJ� DUHDV� LQ� WKH�.0$��$�EDUULHU� QHW� LV� QRW� XVHG� WR� EORFN� WKHVH� WZR� VSHFLHV� IURP
HQWHULQJ�IUHVKZDWHU��GXH�WR�QDWXUDO�EDUULHUV�SUHYHQWLQJ�VDOPRQ�DFFHVV�WR�WKH�ODNH��DQG�WKH�YLOODJHUV�RI
3RUW�/LRQV�XWLOL]H�DOO�LQULYHU�HVFDSHPHQW�IRU�VXEVLVWHQFH�SXUSRVHV��6XEVLVWHQFH�FDWFKHV�DUH�WUDFNHG
WKURXJK� WKH� $')	*� ILVK� WLFNHW� GDWDEDVH�� )LHOG� GDWD� DUH� QRW� FROOHFWHG� IURP� WKH� &UHVFHQW� /DNH
VRFNH\H�DQG�FRKR�VDOPRQ�UXQV�
+LGGHQ�/DNH���,Q�������D�PRQLWRULQJ�FDPS�ZDV�HVWDEOLVKHG�LQ�WKH�VRXWKHDVW�FRUQHU�RI�)RXO�%D\
DSSUR[LPDWHO\�����PHWHUV�IURP�WKH�FUHHN�PRXWK�WR�PRQLWRU�WKH�+LGGHQ�/DNH�VRFNH\H�VDOPRQ�UXQ
�$')	*�������+RQQROG�HW�DO��������+RQQROG�DQG�6FKURI��������5HWXUQV�RI�VRFNH\H�VDOPRQ�WR
)RXO� %D\� GLG� QRW� RFFXU� XQWLO� ������ $W� WKDW� WLPH�� DJH� ���� ILVK� �MDFNV�� ZHUH� WKH� RQO\� UHWXUQV
GRFXPHQWHG��%HJLQQLQJ� LQ������� WKH�)RXO�%D\�7HUPLQDO�+DUYHVW�$UHD� �VWDWLVWLFDO� DUHD� �������
ZDV� GHVLJQDWHG� IRU� WKH� FRPPHUFLDO� KDUYHVW� RI� HDUO\� UXQ� VRFNH\H� VDOPRQ� UHWXUQLQJ� WR� +LGGHQ
&UHHN��7R�SUHYHQW�DGXOW�VRFNH\H�VDOPRQ�IURP�HVFDSLQJ�LQWR�WKH�FUHHN��D�EDUULHU�ZHLU��$SSHQGL[
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(���� ZDV� LQVWDOOHG� DQG� PDLQWDLQHG� DQQXDOO\� IURP� -XQH� �� WR� -XQH� ���� 7KH� ZHLU� ZDV� ORFDWHG
DSSUR[LPDWHO\�����P�XSVWUHDP�IURP�WKH�VWUHDP�WHUPLQXV��0HWKRGV�IRU�DVVHPEOLQJ�WKH�EDUULHU�ZHLU
DUH�VXPPDUL]HG�E\�WKH�$')	*��������
'DLO\� VXUYH\V� ZHUH� FRQGXFWHG� LQ� )RXO� %D\� WR� DVVHVV� VRFNH\H� VDOPRQ� UXQ� VWUHQJWK� ZLWK
LQIRUPDWLRQ�UHOD\HG�WR�WKH�FRPPHUFLDO�ILVKHU\�PDQDJHUV�DW������DQG������KRXU�UDGLR�VFKHGXOHV�
'XULQJ� WKH� ILVKHU\� RSHQLQJ�� WKH� GDWH�� ILVKLQJ� DQG� WHQGHU� YHVVHO� QDPHV�� ILVKLQJ� ORFDWLRQ�� DQG
HVWLPDWHG� FDWFK� E\� VSHFLHV� ZHUH� UHFRUGHG�� $OO� VRFNH\H� VDOPRQ� KDUYHVWHG� LQ� WKH� )%7+$
�VWDWLVWLFDO�DUHD���������ZHUH�DWWULEXWHG�WR�WKH�+LGGHQ�/DNH�HQKDQFHPHQW�SURMHFW�
/LWWOH�.LWRL�/DNH�� �(DUO\�UXQ�VRFNH\H�VDOPRQ�UHOHDVHV�ZHUH�GLVFRQWLQXHG�DW�/LWWOH�.LWRL�/DNH� LQ
������ +RZHYHU�� UHWXUQV� IURP� SUHYLRXV� UHOHDVHV� FRQWLQXH� WR� EH� PRQLWRUHG� DV� LQ� SDVW� \HDUV�
+DUYHVWV� RI� DOO� VDOPRQ� VSHFLHV� DUH� HVWLPDWHG� E\� ILHOG� SHUVRQQHO� LQ� WKH� .LWRL� %D\� 6HFWLRQ
�VWDWLVWLFDO�DUHD���������E\� LQWHUYLHZLQJ� ILVKHUV�DQG� WHQGHUV�RSHUDWRUV��7KH�$')	*�ILVK� WLFNHW
GDWDEDVH�LV�XVHG�WR�HVWLPDWH�FDWFKHV�LQ�WKH�.LWRL��'XFN�DQG�,]KXW�%D\�VHFWLRQV� �VWDWLVWLFDO�DUHDV
�������DQG���������
7KH�VRFNH\H�VDOPRQ�EURRGVWRFN�GHYHORSPHQW�SURJUDP�DW�/LWWOH�.LWRL�/DNH�ZDV�HYDOXDWHG�DQG�WKH
EURRGVWRFN�ZDV�FKDQJHG�LQ������������VWRFNLQJ�\HDU��IURP�8SSHU�6WDWLRQ�/DNH�WR�6DOWHU\�/DNH
IRU� WKH�6SLULGRQ�/DNH� HQKDQFHPHQW�SURMHFW�� ,Q������� WKH� VRFNH\H� VDOPRQ� �$IRJQDN� DQG�8SSHU
6WDWLRQ� VWRFNV�� HVFDSHPHQWV� ZHUH� SUHYHQWHG� IURP� HQWHULQJ� /LWWOH� .LWRL� /DNH� DV� SDUW� RI� WKH
WUDQVLWLRQ� WR� WKH�QHZ�EURRGVWRFN��3HULRGLFDOO\�� WKH� ILVK�SDVV�ZDV�RSHQHG� WR�SUHYHQW� VWUD\LQJ�RI
VRFNH\H�VDOPRQ�KROGLQJ�LQ�WKH�HVWXDU\�DQG�WR�FKHFN�IRU�ILQ�FOLSSHG�ILVK�GXULQJ�ILVKHU\�FORVXUHV�
6RFNH\H�VDOPRQ�FROOHFWHG�LQ�WKH�FRPSRXQG�ZHUH�H[DPLQHG�IRU�PDUNV��VDPSOHG��DQG�UHWXUQHG�WR
VDOW�ZDWHU��ZKHUH�WKH\�EHFDPH�DYDLODEOH�IRU�FRPPHUFLDO�KDUYHVW��6RFNH\H�VDOPRQ�UHWXUQHG�WR�VDOW
ZDWHU�ZHUH�KROH�SXQFKHG� LQ� WKH�FDXGDO� ILQ� IRU�DQ�H[WHUQDO�PDUN� WR� LGHQWLI\�SUHYLRXVO\� VDPSOHG
ILVK�WKDW�UH�HQWHUHG�WKH�FRPSRXQG�WKURXJK�WKH�ILVK�SDVV��7KH�ILVK�SDVV�ZDV�RSHQHG�LQ�6HSWHPEHU
WR�SHUPLW�WKH�SDVVDJH�RI�FRKR�VDOPRQ�LQWR�WKH�ODNH�
/LWWOH�:DWHUIDOO�/DNH���$�PRQLWRULQJ�FDPS�ZDV�HVWDEOLVKHG�DW�/LWWOH�:DWHUIDOO�&UHHN�LQ�WKH�HDUO\
����V�WR�PDLQWDLQ�ILVK�SDVVHV�DQG�PRQLWRU�SLQN�VDOPRQ�SURGXFWLRQ��+RQQROG��������%HJLQQLQJ�LQ
������WKH�FDPS�KDV�EHHQ�XWLOL]HG�WR�PRQLWRU�WKH�VRFNH\H�VDOPRQ�UHWXUQ�WR�/LWWOH�:DWHUIDOO�&UHHN�
0RQLWRULQJ�DFWLYLWLHV�LQ�WKH�:DWHUIDOO�%D\�7+$��VWDWLVWLFDO�DUHD���������SDUDOOHO�WKRVH�DW�WKH�)RXO
%D\�7+$�� H[FHSW� WKDW� D�EDUULHU�QHW� �$SSHQGL[�)���� UDWKHU� WKDQ� D� EDUULHU�ZHLU�ZDV� KXQJ� LQ� WKH
/LWWOH� :DWHUIDOO� %D\� HVWXDU\� WR� SUHYHQW� VRFNH\H� VDOPRQ� IURP� HVFDSLQJ� LQWR� WKH� FUHHN�
0RGLILFDWLRQV�DQG�ORFDWLRQ�FKDQJHV�WR�WKH�EDUULHU�QHW�KDYH�RFFXUUHG�RFFDVLRQDOO\�VLQFH�������$
WKRURXJK�GHVFULSWLRQ�RI�WKH�LQVWDOODWLRQ�DQG�W\SH�RI�QHWWLQJ�XVHG�IRU�WKH�EDUULHU�QHW�LV�SURYLGHG�LQ
WKH�$')	*�RSHUDWLRQDO�SODQV��$')	*�������
(QKDQFHG�6DOPRQ�5XQV��/DWH�5XQ
-HQQLIHU��/LWWOH�.LWRL��DQG�5XWK�/DNHV��6RFNH\H�VDOPRQ�UHWXUQLQJ�WR�-HQQLIHU��/LWWOH�.LWRL��DQG�5XWK
/DNHV�ZHUH�FDXJKW�LQFLGHQWDOO\�LQ�WKH�FRPPHUFLDO�ILVKHULHV�WDUJHWLQJ�SLQN�VDOPRQ�LQ�WKH�.LWRL��,]KXW
DQG�'XFN�%D\�6HFWLRQV��6\VWHP�VSHFLILF�UXQ�HYDOXDWLRQV�GLG�QRW�RFFXU�IRU�-HQQLIHU�DQG�5XWK�/DNHV
EHFDXVH�UHWXUQLQJ�DGXOWV�ZHUH�KDUYHVWHG�LQ�WKH�VDPH�VWDWLVWLFDO�DUHDV�DV�/LWWOH�.LWRL�ILVK�
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6SLULGRQ�/DNH��6SLULGRQ�/DNH� ODWH�UXQ� VRFNH\H� VDOPRQ� WKDW� HVFDSHG� WKH� WUDGLWLRQDO� ILVKHULHV� LQ
WKH�1RUWKZHVW�.RGLDN�'LVWULFW�ZHUH� WDUJHWHG� IRU� KDUYHVW� LQ� WKH� 6SLULGRQ�/DNH�7+$� ORFDWHG� DW
7HOURG�&RYH��$')	*�SHUVRQQHO�PRQLWRUHG�WKH�FRPPHUFLDO�VDOPRQ�ILVKHU\�DW�7HOURG�&RYH�IURP
ODWH�-XQH�WR�PLG�6HSWHPEHU�LQ�������6RFNH\H�VDOPRQ�UHWXUQV�WR�7HOURG�&RYH�VWDUWHG�LQ������DQG
KDYH�FRQWLQXHG�DQQXDOO\�WR�GDWH��'XULQJ�WKLV�WLPH��WKH�$')	*�PRQLWRUHG�WKH�FRPPHUFLDO�ILVKHU\�DW
7HOURG�&RYH��$�EDUULHU�QHW�ZDV� LQVWDOOHG� LQ� WKH� LQWHUWLGDO�DUHD�DW� WKH�PRXWK�RI�7HOURG�FUHHN�IURP
����������WR�SUHYHQW�VRFNH\H�VDOPRQ�IURP�HQWHULQJ�WKH�FUHHN��'XH�WR�VWUD\LQJ�FRQFHUQV�H[SUHVVHG
E\�WKH�$')	*�*HQHWLFV�VWDII��WKH�QHW�ZDV�QRW�LQVWDOOHG�DIWHU������VR�WKDW�DQ\�ILVK�HVFDSLQJ�WKH
ILVKHU\�ZHUH�IUHH�WR�DVFHQG�7HOURG�&UHHN�
1DWXUDO�6DOPRQ�5XQV
$GXOW�SURGXFWLRQ�IURP�WKH�UHKDELOLWDWLRQ�SURMHFWV�DW�WKHVH�V\VWHPV�ZDV�SULPDULO\�DVVHVVHG�WKURXJK
PRQLWRULQJ� RI� HVFDSHPHQW� DQG� KDUYHVW� WUHQGV�� (VFDSHPHQWV� ZHUH� HQXPHUDWHG� WKURXJK� ZHLUV� DW
$IRJQDN� ������������� 3DXOV� ������������� DQG� 0DOLQD� ������������ /DNHV�� 3RUWDJH� &UHHN
HVFDSHPHQWV�ZHUH�HQXPHUDWHG�WKURXJK�D�ZHLU�IRU�VRPH�\HDUV������������DQG�������������EXW�ZHUH
SULPDULO\�LQGH[HG�WKURXJK�WULEXWDU\�IRRW�VXUYH\V�DQG�DHULDO�VXUYH\V��+DUYHVWV�ZHUH�SULPDULO\�WUDFNHG
WKURXJK�WKH�$')	*�ILVK�WLFNHW�GDWDEDVH�
/DVWO\�� 6DOWHU\� /DNH� VRFNH\H� VDOPRQ� ZHUH� PRQLWRUHG� IRU� HVFDSHPHQW� DV� UHODWHG� WR� EURRGVWRFN
FROOHFWLRQ��,Q�VHDVRQ�HVWLPDWHV�RI�WRWDO�HVFDSHPHQW�ZHUH�XVHG�WR�GHWHUPLQH�LI�HJJ�WDNHV�FRXOG�RFFXU
DQG� KRZ�PDQ\� EURRG� ILVK� FRXOG� EH� XVHG� �+RQQROG� HW� DO�� ������ +DOO� HW� DO�� ������� )UD]HU� /DNH
VRFNH\H�VDOPRQ�HVFDSHPHQWV�ZHUH�DOVR�HQXPHUDWHG�YLD�WKH�ILVK�SDVV��%URGLH�LQ�SUHVV��
)LHOG�FDPSV��ZHLU�FRQILJXUDWLRQV�DQG�RSHUDWLRQV�IRU�HVFDSHPHQW�PRQLWRULQJ�DUH�GHVFULEHG�LQ�GHWDLO
E\�%URGLH��������DQG�WKH�$')	*��������
&RPPHUFLDO�&DWFK��(VFDSHPHQW�DQG�%URRGVWRFN�6DPSOLQJ
6RFNH\H�VDOPRQ�FDWFKHV�ZHUH�VDPSOHG�IRU�DJH��OHQJWK��DQG�VH[��$/6��GDWD�DW�WKH�)RXO�%D\�7+$�
:DWHUIDOO�%D\�7+$��.LWRL�%D\��DQG�6SLULGRQ�/DNH�7+$��2WKHU�FDWFKHV�LQ�WKH�1RUWKZHVW�.RGLDN
'LVWULFW�DQG�WKH�$IRJQDN�'LVWULFW�ZHUH�DOVR�VDPSOHG�WR�LGHQWLI\�6SLULGRQ�/DNH�VRFNH\H�VDOPRQ�DV
SDUW�RI�UXQ�UHFRQVWUXFWLRQ�HIIRUWV��+RQQROG�������1HOVRQ�������
$IRJQDN�� 3DXOV��0DOLQD� DQG� 3RUWDJH� VRFNH\H� VDOPRQ� HVFDSHPHQWV� ZHUH� VDPSOHG� IRU� $/6� GDWD�
/LWWOH� .LWRL� VRFNH\H� VDOPRQ� HVFDSHPHQWV� ZHUH� DOVR� VDPSOHG� SULRU� WR� WKH� FKDQJH� LQ� WKH� ODWH�UXQ
EURRGVWRFN�
)UD]HU�� DQG� 6DOWHU\� /DNHV� VRFNH\H� VDOPRQ� HVFDSHPHQWV� ZHUH� DOVR� VDPSOHG� IRU� $/6� GDWD�
&RPPHUFLDO�KDUYHVWV�ZHUH�DOVR�VDPSOHG�IRU�$/6�GDWD�DV�SDUW�RI�WKH�)UD]HU�/DNH�UXQ�UHFRQVWUXFWLRQ�
&KXP�VDOPRQ�EURRGVWRFN�DW�.LWRL�%D\�+DWFKHU\�ZHUH�VDPSOHG��6DPSOLQJ�SURFHGXUHV�IRU�WKH�DERYH
FROOHFWLRQV�ZHUH�IROORZHG�DV�GHVFULEHG�E\�WKH�$')	*��������
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/LPQRORJLFDO�$VVHVVPHQW
/DNH�6DPSOLQJ
6DPSOLQJ�ZDV�FRQGXFWHG�DW����V\VWHPV�RQ�.RGLDN�DQG�$IRJQDN�,VODQGV�LQ�������7DEOH����)LJXUH
���� /DNHV� ZHUH� VDPSOHG� EDVHG� XSRQ� SURMHFW� FDWHJRU\� �IHUWLOL]DWLRQ�� VWRFNLQJ�� EURRGVWRFN�� DQG
HQYLURQPHQWDO�DVVHVVPHQW���6SLULGRQ�/DNH�KDG�WZR�VDPSOLQJ�VWDWLRQV�DQG�DOO�RWKHU�ODNHV�KDG�RQH
VWDWLRQ��7KUHH� VHDVRQDO� VDPSOHV�ZHUH� FROOHFWHG� IURP�/RZHU� -HQQLIHU� DQG�%LJ�:DWHUIDOO� /DNHV�
)RXU�VHDVRQDO�VDPSOHV�ZHUH�FROOHFWHG�IURP�&UHVFHQW��8SSHU�-HQQLIHU��/LWWOH�:DWHUIDOO��5XWK�DQG
6DOWHU\�/DNHV��)LYH�VHDVRQDO�VDPSOHV�ZHUH�FROOHFWHG�DW�6SLULGRQ��+LGGHQ��$IRJQDN��/DXUD��/LWWOH
.LWRL��8SSHU�DQG�/RZHU�0DOLQD�/DNHV��6DPSOLQJ�RFFXUUHG�IURP���0D\�WR����6HSWHPEHU��$�WRWDO
RI����ZDWHU�VDPSOHV�ZHUH�REWDLQHG�IURP�QLQH�ODNHV�DQG����]RRSODQNWRQ�WRZV�ZHUH�SXOOHG�IURP���
ODNHV�� ,Q� WKH� SDVW�� PRUH� VDPSOHV� ZHUH� FROOHFWHG� DQQXDOO\� IURP� .RGLDN� DQG� $IRJQDN� ODNHV�
KRZHYHU��EXGJHW�FRQVWUDLQWV�KDYH�UHGXFHG�VDPSOLQJ�HIIRUWV�LQ�UHFHQW�\HDUV��$SSHQGL[�&�����'���
(����)����*����+����,����-����.����/����0����1����2����3����DQG�4����
/DNH�0RUSKRPHWU\
7KH�PRUSKRPHWULF�FKDUDFWHULVWLFV�RI�HDFK�ODNH�DUH�VXPPDUL]HG�LQ�7DEOH���DQG�EDWK\PHWULF�PDSV
RI�HDFK�ODNH�� LQFOXGLQJ�WKRVH�VXUYH\HG�LQ�SULRU�\HDUV�DUH�SUHVHQWHG�LQ�$SSHQGLFHV�&���&����'���
(����)����*����+����,���,����-���-����.����/����0����1����2����3����DQG�4���4����.DUOXN�/DNH�KDV�WKH
ODUJHVW�VXUIDFH�DUHD�������NP���DQG�WRWDO�YROXPH��������NP���RI�WKH�ODNHV�VXUYH\HG��)UD]HU�/DNH
LV�WKH�VHFRQG�ODUJHVW�LQ�YROXPH������NP����EXW�KDV�RQO\�DERXW�D�WKLUG�RI�WKH�YROXPH�DQG�OHVV�WKDQ
KDOI�WKH�PD[LPXP�GHSWK�RI�.DUOXN�/DNH��6SLULGRQ������NP����5HG������NP����DQG�WKH�XSSHU�2OJD
/DNH������NP���DUH�WKH�WKLUG�WKURXJK�ILIWK�LQ�WRWDO�YROXPH��7DEOH�����6PDOOHU� ODNHV�DW� WKH�RWKHU
HQG�RI� WKH� VSHFWUXP� LQ� WHUPV�RI�YROXPH�DUH�5XWK� �����NP����*UHWFKHQ� �����NP����6XPPLW� ����
NP����DQG�%LJ�:DWHUIDOO������NP���/DNHV��/DNHV�WKDW�KDYH�D�VPDOOHU�EDVLQ�VL]H��YROXPH��W\SLFDOO\
KDYH� VLPLODU�PRUSKRPHWULF� FKDUDFWHULVWLFV� �VXUIDFH� DUHD��PHDQ� GHSWK��� 7KHVH� ODNHV�� H[FHSW� IRU
6XPPLW�/DNH��DUH�ORFDWHG�RQ�$IRJQDN�,VODQG�
.DUOXN�ZDV�WKH�GHHSHVW�ODNH�VXUYH\HG�DW�����P�ZLWK�D�PHDQ�GHSWK�RI������P��/RZHU�2OJD��8SSHU
6WDWLRQ��/DNH�ZDV�WKH�VKDOORZHVW�ODNH�DW���P�RQ�.RGLDN�,VODQG��+LGGHQ�DQG�7KRUVKHLP�/DNHV�DUH
LQ�VLPLODU�ORFDWLRQV�RQ�$IRJQDN�,VODQG��KRZHYHU��WKH\�GLIIHU�JUHDWO\�LQ�EDVLQ�SDUDPHWHUV��+LGGHQ
/DNH�LV�WKH�GHHSHVW�ODNH�RQ�$IRJQDN�,VODQG�ZLWK�D�PD[LPXP�GHSWK�RI����P�DQG�D�PHDQ�GHSWK�RI
�����P��ZKHUHDV�7KRUVKHLP�/DNH� LV� WKH� VKDOORZHVW� ODNH�ZLWK� D�PD[LPXP�GHSWK� �����P� DQG� D
PHDQ�GHSWK�RI�����P�
/LJKW�3HQHWUDWLRQ�DQG�7XUELGLW\
7KH� PHDQ� YHUWLFDO� H[WLQFWLRQ� FRHIILFLHQW� �.G� P����� RU� UDWH� RI� OLJKW� DWWHQXDWLRQ�� ZDV� ORZHVW� LQ
)UD]HU�/DNH��������DQG�KLJKHVW�LQ�/LWWOH�:DWHUIDOO�/DNH��������LQ�������7DEOH�����)UD]HU�/DNH�KDG
WKH�JUHDWHVW�HXSKRWLF�]RQH�GHSWK��(='��DW������P�ZKLOH�/DXUD�/DNH�KDG�WKH�ORZHVW�(='�DW�����P�



��

$YHUDJH�6HFFKL�GLVN�WUDQVSDUHQF\�UHDGLQJV�UDQJHG�IURP�D�GHSWK�RI������P�LQ�6SLULGRQ�/DNH�WR�D
GHSWK�RI�����P�LQ�/DXUD�/DNH��6SLULGRQ�/DNH�ZDV�FRQVLGHUHG� WKH�PRVW� WUDQVSDUHQW�RU�FOHDU�DQG
/DXUD� /DNH� ZDV� WKH� OHDVW� WUDQVSDUHQW� RI� WKH� ODNHV� VDPSOHG�� )UD]HU� /DNH� ZDV� DOVR� IDLUO\
WUDQVSDUHQW�� KRZHYHU� UHDGLQJV� ZHUH� FROOHFWHG� RQO\� RQFH�� WKXV� VHDVRQDO� YDULDWLRQ� FDQQRW� EH
GHWHUPLQHG�IRU�FRPSDULVRQ�
2WKHU�ORZ�OLJKW�DWWHQXDWHG�RU�RSWLFDOO\�GHHS�ODNHV�LQFOXGHG�)UD]HU��.DUOXN��&UHVFHQW��DQG�6DOWHU\
/DNHV�� ,Q� WKHVH� ODNHV�� .G� UDQJHG� IURP� ����� WR� ����� P���� (='� IURP� ����� WR� ����� P�� DQG� 6'
WUDQVSDUHQF\�IURP�����WR�����P��,Q�6FKURI�HW�DO����������UHDGLQJV�IURP�WKHVH�VDPH�ODNHV�LQ�����
LQGLFDWHG�D�VPDOOHU�VHDVRQDO�YDULDWLRQ�ZLWKLQ�DQG�EHWZHHQ�HDFK�ODNH�WKDQ�REVHUYHG�LQ������
7HPSHUDWXUH�DQG�'LVVROYHG�2[\JHQ
,Q������� VSULQJ� WHPSHUDWXUHV�YDULHG� FRQVLGHUDEO\� LQ�PDQ\�RI� WKH� ODNHV� IURP� WKH� VXUIDFH� WR� WKH
ERWWRP�LQGLFDWLQJ�WHPSHUDWXUH�VWUDWLILFDWLRQ��7DEOH�����7HPSHUDWXUH�VWUDWLILFDWLRQ��LQ�WKH�VSULQJ�
ZDV�GLVWLQFW�LQ�DOO�RI�WKH�ODNHV��H[FHSW�IRU�$IRJQDN��&UHVFHQW��/RZHU�0DOLQD��DQG�6DOWHU\�/DNHV�
ZKHUH� WHPSHUDWXUHV� YDULHG� RQO\� ���R�&� IURP� WKH� ODNH� VXUIDFH� WR� WKH� ERWWRP�� 0D[LPXP� ODNH
VXUIDFH�WHPSHUDWXUHV�UDQJHG�IURP�����R�&�WR���R�&�GXULQJ� WKH�VXPPHU�VDPSOLQJ�SHULRG��/RZHU
0DOLQD�/DNH�DJDLQ�VKRZHG�OLWWOH�RU�QR�WHPSHUDWXUH�YDULDWLRQ�IURP�WKH�VXUIDFH�WR�WKH�ERWWRP�LQ�WKH
VXPPHU��)DOO�WHPSHUDWXUH�SURILOHV�YDULHG�IURP�ODNH�WR�ODNH�EXW�ZHUH�JHQHUDOO\�VWUDWLILHG�H[FHSW�LQ
/LWWOH�:DWHUIDOO� DQG�/RZHU�0DOLQD� /DNHV��2IWHQ� WLPHV�� WKH�ZDWHU� FROXPQ� VWD\V�ZHOO�PL[HG� LQ
VKDOORZ� ODNHV� LQ� WKH� VXPPHU�GXH� WR� VWURQJ�ZLQGV��/DNHV� LQ� WKLV� UHJLRQ� W\SLFDOO\� VKRZ� D� IDLUO\
FRPSOHWH�PL[LQJ�RI�WKH�ZDWHU�FROXPQ�LQ�WKH�VSULQJ�DQG�IDOO��7KHVH�PL[LQJ�HYHQWV�FDQ�RFFXU�IURP
DQ\�QXPEHU�RI�FRQGLWLRQV��LQFOXGLQJ�KLJK�ZLQGV�RU�LFH�PHOW��&ROH��������,Q�WKH�VXPPHU�DV�ZDWHU
WHPSHUDWXUHV� ZDUP� DW� WKH� VXUIDFH�� WKH� ODNH� ZDWHUV� VWUDWLI\� FUHDWLQJ� D� FRRO� GHQVH� ERWWRP� OD\HU
�K\SROLPQLRQ�� DQG� D� ZDUP� XSSHU� OD\HU� �HSLOLPQLRQ��� VHSDUDWHG� E\� D� WHPSHUDWXUH� JUDGLHQW
�WKHUPRFOLQH���7KURXJKRXW�WKH�VDPSOLQJ�VHDVRQ�FKDQJHV�RFFXUUHG�LQ�WKH�WHPSHUDWXUH�UHFRUGLQJV�
7KH� ����� VHDVRQ� ZDV� GLIIHUHQW� LQ� WKDW�� H[FHSW� IRU� ODNHV� OLVWHG� SUHYLRXVO\�� WHPSHUDWXUH
VWUDWLILFDWLRQ�KDG�EHHQ�FRPSOHWHG�EHIRUH�VDPSOLQJ�RFFXUUHG�
'LVVROYHG�R[\JHQ��'2��FRQFHQWUDWLRQV�LQ�WKH�VSULQJ��0D\�-XQH��UDQJHG�EHWZHHQ�����DQG������PJ
/���WKURXJKRXW�WKH�HQWLUH�ZDWHU�FROXPQ�IRU�WKH�ODNHV�VDPSOHG��7DEOH�����'XULQJ�WKH�VXPPHU��-XO\�
$XJXVW���'2�OHYHOV�GHFUHDVHG�DSSUR[LPDWHO\�����PJ�/���QHDU�WKH�VXUIDFH�DQG�YDULHG�FRQVLGHUDEO\
QHDU� WKH�ERWWRP� WKURXJKRXW� WKH� ODNHV� VDPSOHG��6SLULGRQ�DQG�+LGGHQ�/DNHV�KDG�'2� OHYHOV� WKDW
GLIIHUHG�E\�����PJ�/���IURP�WKH�ERWWRP�WR�WKH�VXUIDFH��7KLV�LV�TXLWH�FRPPRQ�LQ�ODNHV�ZLWK�D�ODUJH
YROXPH�RI�ZDWHU�DQG�GHHS�EDVLQV��/RZ�'2�OHYHOV������PJ�/����DW�WKH�ERWWRP�RI�5XWK��/LWWOH�.LWRL�
DQG�8SSHU�0DOLQD�/DNHV�PHDVXUHG�LQ�WKH�IDOO�LQGLFDWHG�D�ODFN�RI�PL[LQJ�LQ�WKH�ZDWHU�FROXPQ�
0DMRU�'LVVROYHG�&RQVWLWXHQWV
,Q�������S+�DQG�DONDOLQLW\�OHYHOV�ZHUH�PHDVXUHG�LQ�QLQH�ODNHV��7DEOH������3+�UHDGLQJV�ZHUH�DOO
EHWZHHQ���������XQLWV��7KHVH�UHDGLQJV�H[KLELWHG�OLWWOH�VHDVRQDO�YDULDWLRQ�LQ�HDFK�ODNH�DV�LQGLFDWHG
E\� WKH� ORZ� VWDQGDUG� GHYLDWLRQV�� $ONDOLQLW\� OHYHOV� UDQJHG� IURP� ���� �+LGGHQ�� WR� ��� PJ� /��� �/�
.LWRL��� VKRZLQJ� PRUH� YDULDELOLW\� LQ� HDFK� ODNH�� +LVWRULFDO� VXPPDULHV� RI� DOO� .RGLDN� DUHD� ODNHV
VDPSOHG�IRU�S+��DONDOLQLW\��DQG�ZDWHU�FKHPLVWU\�SDUDPHWHUV�WKDW�ZHUH�PHDVXUHG�SULRU�WR������DUH
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SURYLGHG�LQ�$SSHQGLFHV�&��������'����(����)����*����+����,������-����.����/����0����1����2����3���
DQG�4���
'LVVROYHG�1XWULHQWV
0HDQ�VHDVRQDO�WRWDO�SKRVSKRUXV��73��FRQFHQWUDWLRQV�UDQJHG�IURP�����WR������mJ�/���DQG�.MHOGDKO
�RUJDQLF�QLWURJHQ���DPPRQLD��QLWURJHQ��7.1��FRQFHQWUDWLRQV�UDQJHG�IURP������WR�����mJ�/���LQ
WKH���P�VWUDWXP�ODNH�VDPSOHV��7DEOH������/LWWOH�.LWRL�/DNH�KDG�WKH�KLJKHVW�73�OHYHO��DQG�/DXUD
/DNH� KDG� WKH� KLJKHVW� 7.1� FRQFHQWUDWLRQ�� +LGGHQ� DQG� 6SLULGRQ� /DNHV� KDG� WKH� ORZHVW� OHYHOV
PHDVXUHG� IRU� 73�� DQG�/LWWOH� DQG�%LJ�:DWHUIDOO� /DNHV� KDG� WKH� ORZHVW� 7.1� OHYHOV� RI� WKH� ODNHV
VDPSOHG��/DXUD��/LWWOH�.LWRL��8SSHU�DQG�/RZHU�0DOLQD��DQG�/LWWOH�:DWHUIDOO�/DNHV�ZHUH�IHUWLOL]HG
ZLWK� D� QLWURJHQ�SKRVSKRUXV�PL[WXUH� LQ� ������ )HUWLOL]DWLRQ� RI� WKHVH� ODNHV�PD\� KDYH� DUWLILFLDOO\
HOHYDWHG� QXWULHQW� OHYHOV� DQG� WKHVH� IHUWLOL]HU� DSSOLFDWLRQV� PD\� KDYH� FRQWULEXWHG� WR� WKH� VHDVRQDO
YDULDELOLW\�EHWZHHQ�WKH�VDPSOLQJ�GDWHV�
,QRUJDQLF� GLVVROYHG� QLWURJHQ� H[LVWLQJ� DV� DPPRQLD� �1+��� DQG� QLWUDWH� �12���� LV� DVVLPLODWHG� E\SK\WRSODQNWRQ� LQ� WKH� ODNH��0HDQ� VHDVRQDO� DPPRQLD� FRQFHQWUDWLRQV� LQ� WKH� ��P� VWUDWXP� UDQJHG
IURP�����WR�����mJ�/����7DEOH������1LWUDWH���QLWULWH�OHYHOV�YDULHG�QRWLFHDEO\�UDQJLQJ�IURP�D�ORZ�RI
����mJ�/���DW�%LJ�:DWHUIDOO�/DNH�WR�D�KLJK�RI�������mJ�/���DW�6SLULGRQ�/DNH��6WDQGDUG�GHYLDWLRQV
RI�WKH�VHDVRQDO�PHDQ�IRU�QLWUDWH���QLWULWH�OHYHOV�ZHUH�DOVR�KLJK�
,QRUJDQLF�SKRVSKRUXV�FRQFHQWUDWLRQV�YDULHG�OLWWOH�DPRQJ�WKH�ODNHV��0HDQ�VHDVRQDO�WRWDO�ILOWHUDEOH
SKRVSKRUXV��7)3��OHYHOV�UDQJHG�IURP�����WR�����mJ�/����DQG�ILOWHUDEOH�UHDFWLYH�SKRVSKRUXV��)53�
UDQJHG�IURP�����WR�����mJ�/����7DEOH������$IRJQDN�DQG�8SSHU�0DOLQD�/DNHV�KDG�WKH�KLJKHVW�7)3
DQG�)53�FRQFHQWUDWLRQV�DPRQJ�WKH�ODNHV��%LJ�:DWHUIDOO�DQG�6SLULGRQ�/DNHV�KDG�WKH�ORZHVW�7)3
DQG�)53�OHYHOV�PHDVXUHG�RI�WKH�VDPSOHG�ODNHV�
+LVWRULFDO� VXPPDULHV�RI�DOO�.RGLDN�DUHD� ODNHV� VDPSOHG� IRU�S+�� DONDOLQLW\�� DQG�ZDWHU� FKHPLVWU\
SDUDPHWHUV�WKDW�ZHUH�PHDVXUHG�SULRU�WR������DUH�SURYLGHG�LQ�$SSHQGLFHV�&��������'����(����)���
*����+����,������-����.����/����0����1����2����3����DQG�4���
+\GURJHQ�6XOILGH
,Q�������+�6�WHVWLQJ�ZDV�FRPSOHWHG�LQ�WZR�EDVLQV�LQ�/LWWOH�.LWRL�/DNH��7KH�PDLQ�EDVLQ��VWDWLRQ���KDG�QR�GHWHFWDEOH�OHYHO�RI�+�6�DQG�WKH�VDPSOH�DW�WKH�VHFRQG�VWDWLRQ�FRQWDLQHG�������mJ�/���RI
+�6��7KH�������mJ�/���+�6�OHYHO�ZDV�PXOWLSOLHG�E\������WR�GHWHUPLQH�WR[LF�OHYHOV�RI�WKH�ERWWRPOD\HU��7R[LFLW\�RI�WKH�+�6�OD\HU�ZDV�������mJ�/���ZLWK���mJ�/���FRQVLGHUHG�OHWKDO�WR�ILVK
�.RHQLQJV�HW�DO���������%DVHG�RQ�WKH�UHVXOWV�IURP�WKH�SUHYLRXV�\HDUV¶�VDPSOLQJ��+�6�OHYHOV�KDYHGHFUHDVHG��$SSHQGL[�&�����
0RUSKRPHWULF�PDSV� RI� /LWWOH�.LWRL� /DNH� VKRZ� WKH� HVWLPDWHG� YROXPH� RI� +�6� SULRU� �$SSHQGL[&�����WR�WKH�VLSKRQLQJ�SURFHVV�DQG�DIWHU�WKH�+�6�ZDV�UHPRYHG��$SSHQGL[�&�����
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&KORURSK\OO�D
7KH�PHDQ� QHDU�VXUIDFH� ���P�� FKORURSK\OO�D� �FKO�D�� FRQFHQWUDWLRQ� UDQJHG� IURP� ���� LQ� 6SLULGRQ
/DNH� WR� D� KLJK� RI� ����mJ� /��� LQ� /DXUD� /DNH� �7DEOH� ����� 6HDVRQDO� IOXFWXDWLRQV� WKURXJKRXW� WKH
JURZLQJ� VHDVRQ�ZHUH� OLPLWHG� LQ�PRVW� RI� WKH� ODNHV� VDPSOHG� DV� LQGLFDWHG� E\� WKH� VPDOO� VWDQGDUG
GHYLDWLRQV�� +RZHYHU�� FKO�D� OHYHOV� LQ� /DXUD� DQG� /LWWOH� .LWRL� /DNHV� ZHUH� WKH� H[FHSWLRQ� ZLWK
VWDQGDUG�GHYLDWLRQV�FORVH�WR�HDFK�ODNHV�VHDVRQDO�PHDQ��3KDHRSK\WLQ�D�FRQFHQWUDWLRQV�UDQJHG�IURP
����� WR� ����� mJ� /��� ZLWK� FRQVLGHUDEOH� VHDVRQDO� YDULDWLRQ�� /DXUD� /DNH� KDG� WKH� KLJKHVW� PHDQ
SKDHRSK\WLQ�FRQFHQWUDWLRQ�������mJ�/����DQG�%LJ�:DWHUIDOO�/DNH�WKH�ORZHVW�OHYHO�DW������mJ�/���
+LVWRULFDO�QXWULHQW�� DQG�DOJDO�SLJPHQW�FRQFHQWUDWLRQV� IRU� HDFK� ODNH� VDPSOHG� DUH� VXPPDUL]HG� LQ
$SSHQGLFHV�&����&�����'����(����)����*����+����,���,����-����.����/����0����1����2����3����DQG�4���
=RRSODQNWRQ�$EXQGDQFH�DQG�6SHFLHV�&RPSRVLWLRQ
7KH�]RRSODQNWRQ�FRPPXQLW\�LQ�WKH�.RGLDN�DUHD�ODNHV�DUH�SULPDULO\�FRPSRVHG�RI�WKH�FODGRFHUDQV
%RVPLQD�� 'DSKQLD�� DQG� +RORSHGLXP� DQG� WKH� FRSHSRGV� (SLVFKXUD�� 'LDSWRPXV�� DQG� &\FORSV
�.RHQLQJV�HW�DO���������&ODGRFHUDQV�GRPLQDWHG�WKH�VDPSOHV�WDNHQ�IURP�PDQ\�RI�WKH�.RGLDN�DUHD
ODNHV�LQ�������7DEOH������$IRJQDN��������&UHVFHQW��������DQG�6SLULGRQ�������ODNHV�ZHUH�PRUH
HYHQO\� VSOLW� LQ� WKH� FODGRFHUDQ� WR� FRSHSRG� UDWLR� ZLWK� FODGRFHUDQV� VWLOO� WKH� VOLJKW� PDMRULW\� RI
SODQNWRQ� FRXQWHG�� 7KH� ]RRSODQNWRQ� FRPPXQLWLHV� LQ� 6DOWHU\� ������ /RZHU� -HQQLIHU� ������ DQG
.DUOXN�������ODNHV�ZHUH�GRPLQDWHG�E\�FRSHSRGV��0HDQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�ERG\
OHQJWK�E\� WD[D� IRU�DOO� ODNHV� LQ������DUH�SUHVHQWHG� LQ�7DEOH�����0HDQ� WRWDO� ]RRSODQNWRQ� �70=�
GHQVLW\��DQLPDOV�SHU�P���UDQJHG�IURP�D�ORZ�DW�6DOWHU\�/DNH�RI�������P��WR�D�KLJK�DW�.DUOXN�/DNH
RI���������P��� DQG�70=�ELRPDVV� �PLOOLJUDP�SHU�P��� UDQJHG� IURP���PJ�P��� DW�/RZHU�0DOLQD
/DNH�WR�����PJ�P���DW�8SSHU�-HQQLIHU�/DNH�
,Q�������WKH�EDUUHQ�ODNHV�YDULHG�LQ�70=�GHQVLWLHV�DQG�ELRPDVV��8SSHU�DQG�/RZHU�-HQQLIHU��/LWWOH
:DWHUIDOO��DQG�5XWK�/DNHV�KDG�KLJKHU�70=�GHQVLWLHV�FRPSDUHG� WR�6SLULGRQ��&UHVFHQW��+LGGHQ�
/LWWOH�.LWRL��DQG�%LJ�:DWHUIDOO�/DNHV��+RZHYHU��70=�ELRPDVV�IRU�WKHVH�ODNHV�GLG�QRW�IROORZ�WKH
VDPH�SDWWHUQ��)RU�H[DPSOH��6SLULGRQ��������&UHVFHQW� �������DQG�%LJ�:DWHUIDOO� ������/DNHV�KDG
KLJKHU�70=�ELRPDVV�OHYHOV�WKDQ�/LWWOH�:DWHUIDOO�/DNH��������0RVW�RI�WKHVH�ODNHV�KDYH�RQJRLQJ
VWRFNLQJ� SURJUDPV�� H[FHSW� WKDW� VRFNH\H� VDOPRQ� VWRFNLQJ� ZDV� GLVFRQWLQXHG� LQ� ����� DW� 5XWK�
8SSHU�DQG�/RZHU�-HQQLIHU�/DNHV�DV�ZHOO�DV�WKH�IHUWLOL]DWLRQ�SURJUDP�DW�/LWWOH�:DWHUIDOO�/DNH�
$QQXDO�WUHQGV�LQ�]RRSODQNWRQ�GHQVLW\��ELRPDVV��DQG�VL]H�IRU�.RGLDN�DUHD�ODNHV�DUH�VXPPDUL]HG�LQ
DWWDFKHG�DSSHQGLFHV��$SSHQGLFHV�&��������'������(������)��������*������+������,��������-�������
.������/������0������1������2������3������DQG�4������
0DULQH�7HPSHUDWXUH��6DOLQLW\��DQG�3ODQNWRQ�$EXQGDQFH��.LWRL�%D\
7KUHH� VDPSOLQJ� VWDWLRQV� ZHUH� HVWDEOLVKHG� LQ� .LWRL� %D\� WR� PHDVXUH� ZDWHU� WHPSHUDWXUHV� DW� WKUHH
GLIIHUHQW�WLPHV�LQ�������7HPSHUDWXUHV�UDQJHG�IURP����R&�DW����P�RQ����0D\�WR���R&�RQ���-XQH�DW
WKH�VXUIDFH��7DEOH������+LVWRULFDO�ZDWHU�WHPSHUDWXUH�SURILOHV�DUH�VXPPDUL]HG�LQ�$SSHQGL[�&����
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6DOLQLW\�UHDGLQJV�ZHUH�WDNHQ�FRQFXUUHQWO\�WR�WHPSHUDWXUH�PHDVXUHPHQWV��7DEOH������6DOLQLW\�OHYHOV
UDQJHG� IURP� ��� WR� ��� SDUWV� SHU� WKRXVDQG� �SSW��� 6XUIDFH� PHDVXUHPHQWV� DW� 6WDWLRQV� �� DQG� �� KDG
VOLJKWO\�ORZHU�VDOLQLWLHV��)UHVKZDWHU�IOXVKLQJ�LQWR�WKH�ED\V�ZLOO�W\SLFDOO\�UHPDLQ�LQ�WKH�XSSHU�OD\HU�RI
WKH�ZDWHU� FROXPQ�GXH� WR� WKH� GHQVLW\� GLIIHUHQFH� EHWZHHQ� IUHVK� DQG� VDOW�ZDWHU��7KH� GLIIHUHQFHV� LQ
VDOLQLW\� OHYHOV� ZHUH� KDUGO\� GHWHFWDEOH� LQ� ������ +LVWRULFDO� VDOLQLW\� OHYHOV� DUH� VXPPDUL]HG� LQ
$SSHQGL[�&����
,Q� ������ WKH� KLJKHVW� WRWDO� SODQNWRQ� OHYHOV� ZHUH� �������� POV� PHDVXUHG� RQ� ���0D\� �7DEOH� ����
3K\WRSODQNWRQ� OHYHOV�ZHUH�KLJK� LQ� WKH� ILUVW�VDPSOH�����0D\�� WHVWHG�DQG�GHFUHDVHG�VWHDGLO\� LQ� WKH
QH[W�WZR�VDPSOHV��=RRSODQNWRQ�OHYHOV� LQFUHDVHG�DIWHU�HDFK�VXFFHVVLYH�VDPSOLQJ�SHULRG��+LVWRULFDO
]RRSODQNWRQ�OHYHOV�IRU�.LWRL�%D\�DUH�VXPPDUL]HG�LQ�$SSHQGL[�&����

)LVKHU\�$VVHVVPHQW
-XYHQLOH�5HDULQJ�$EXQGDQFH
6RFNH\H�VDOPRQ�SRSXODWLRQ�HVWLPDWHV�LQ������IRU�IRXU�.RGLDN�DUHD�ODNHV�DUH�VXPPDUL]HG�LQ�7DEOH
����7KH�KLJKHVW�HVWLPDWHG�ILVK�SRSXODWLRQ�ZDV����������������������������FRQILGHQFH�LQWHUYDO��DW
6SLULGRQ�/DNH�DQG�WKH�ORZHVW��������������������HVWLPDWHG�DW�+LGGHQ�/DNH��5HDULQJ�ILVK�SRSXODWLRQV
ZHUH�DOVR�HVWLPDWHG�DW�/LWWOH�.LWRL�/DNH� ������������������� DQG�/LWWOH�:DWHUIDOO�/DNH� ����������
��������
+LVWRULFDO�MXYHQLOH�SRSXODWLRQ�HVWLPDWHV�IRU�HDFK�ODNH�DUH�VXPPDUL]HG�LQ�$SSHQGLFHV�&�����'����
(�����)�����*����+����,�����-�����.����/����0����1����2����3����DQG�4�����+LVWRULFDO�WRZQHW�HIIRUW�DQG
FDWFK�FRPSRVLWLRQ�DUH�VXPPDUL]HG�LQ�$SSHQGLFHV�&�����)�����*�����+����� ,�����-�����.�����/����
0����1����2����3����DQG�4����
$JH�DQG�6L]H�RI�5HDULQJ�-XYHQLOHV
7RZ�QHW�VXUYH\V�ZHUH�QRW�FRQGXFWHG�WR�HVWLPDWH�VRFNH\H�VDOPRQ�SURGXFWLRQ�DQG�DJH�FRPSRVLWLRQV
RI�UHDULQJ�VRFNH\H�VDOPRQ�LQ�������7KH�ODNHV�VXUYH\HG�ZLWK�K\GURDFRXVWLF�HTXLSPHQW�LQ������DUH
FOHDU�ODNHV��SURGXFLQJ�ODUJH�MXYHQLOHV�WKDW�DUH�DEOH�WR�DYRLG�FDSWXUH�LQ�WKH�WRZQHW��3ULRU�$:/�GDWD
IRU�\HDUV�WRZQHW�FDWFKHV�ZHUH�VDPSOHG�DUH�VXPPDUL]HG�LQ�$SSHQGLFHV�&�����)�����*�����+�����,����
-�����.�����/�����0�����1����2����3����DQG�4����
6RFNH\H�6DOPRQ�6PROW�(VWLPDWHV
)UD]HU��.DUOXN��DQG�0DOLQD�/DNHV�� �7KH� VPROW� WUDS� DW� WKH� RXWOHW� WR�)UD]HU�/DNH�ZDV� RSHUDWHG
IURP� �� 0D\� WR� �� -XO\� ZLWK� D� WRWDO� VRFNH\H� VDOPRQ� VPROW� FDSWXUH� RI� �������� �7DEOH� ����� $
VRFNH\H�VDOPRQ�VPROW�HVWLPDWH�RI��������������&,� ����������������������ZHUH�FDOFXODWHG�IURP
0�5� WULDOV�� $:/� VDPSOHV� �Q ������� LQGLFDWHG� WKDW� VPROW� DJHV� GXULQJ� WKH� PLJUDWLRQ� ZHUH
SUHGRPLQDQWO\�DJH����VPROW���������
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,Q� ������ WKH� .DUOXN� 5LYHU� VPROW� SURMHFW� ZDV� FRQWLQXHG� XVLQJ� 0�5� WULDOV� WR� HVWLPDWH� WKH
SRSXODWLRQ��$�VPROW�WUDS�ZDV�RSHUDWHG�IURP���0D\�WR���-XO\�DQG�WUDSSHG���������VRFNH\H�VDOPRQ
VPROW��8VLQJ�WKH�&DUOVRQ�HVWLPDWRU��&DUOVRQ�HW�DO���������D�SRSXODWLRQ�RI����������������&,� 
���������� ±� ����������� VRFNH\H� VDOPRQ� VPROW� ZDV� HVWLPDWHG�� 0LJUDWLQJ� VPROW� ZHUH
SUHGRPLQDWHO\�DJH������������7DEOH�����
6PROW� WUDSSLQJ�ZDV� FRQGXFWHG� DW� WKH�RXWOHW� RI� ORZHU�0DOLQD�/DNH� IURP����0D\� WR� ��� -XQH� LQ
������7DEOH������$�WRWDO�RI��������VRFNH\H�VDOPRQ�VPROW�ZHUH�WUDSSHG�DQG�0�5�WULDOV�UHVXOWHG�LQ
D�WRWDO�HPLJUDWLRQ�HVWLPDWH�RI��������������&,� ��������������������VRFNH\H�VDOPRQ�VPROW��7KH
HPLJUDWLRQ�ZHUH� ���� DJH� ��� ���������� DQG� ���� DJH� ��� ���������� VPROW� ZLWK� D� VPDOO� QXPEHU
���������RI�DJH����ILVK�DOVR�UHSUHVHQWHG�
/LWWOH�.LWRL�/DNH���$�I\NH�QHW�ZDV�VHW�XS�LQ�WKH�FRPSRXQG�$SSHQGL[�&�����DW�WKH�RXWOHW�WR�/LWWOH
.LWRL�/DNH�IURP���0D\�WR����-XO\��$�WRWDO�RI��������VRFNH\H�VDOPRQ�VPROWV�ZHUH�WUDSSHG�DW�WKH
RXWOHW��7DEOH������7KH�DJH�VWUXFWXUH�ZDV�����DJH����DQG����DJH���
6SLULGRQ�/DNH���6RFNH\H�VDOPRQ�VPROW�HPLJUDWHG�WKURXJK�WKH�6SLULGRQ�/DNH�E\SDVV�V\VWHP�DQG
SLSHOLQH� IURP� �� 0D\� WKURXJK� �� -XO\� LQ� ����� �7DEOH� ����� 7LPH� DQG� DFWXDO� FRXQW� HVWLPDWHV
LQGLFDWHG� WKDW� ���������� VPROW� HPLJUDWHG�� 2I� WKHVH�� ���� ������������ ZHUH� DJH� ��� DQG� ���
����������ZHUH�DJH���
2WKHU�6\VWHPV�� � 6RFNH\H� VDOPRQ� VPROW� FDSWXUHG� DW� RWKHU� V\VWHPV� IRU�$:/� VDPSOLQJ� LQ� ����
LQFOXGHG����IURP�$IRJQDN�/DNH������IURP�+LGGHQ�/DNH������IURP�/DXUD�/DNH������IURP�/LWWOH
:DWHUIDOO�/DNH������IURP�3RUWDJH�/DNH��DQG����IURP�6DOWHU\�/DNH��7DEOH�����
6RFNH\H� VDOPRQ� VPROW� WUDSSLQJ� DQG� DEXQGDQFH� GDWD� IURP�.RGLDN� DUHD� ODNHV� IRU� SULRU� \HDUV� DUH
VXPPDUL]HG� LQ�$SSHQGLFHV�&�����'�����+�������� ,�����/�����0�����2�����3����� DQG�4����� 6PROW
SRSXODWLRQ�HVWLPDWHV�DW�$NDOXUD��5HG�DQG�8SSHU�6WDWLRQ�/DNHV�ZHUH�RULJLQDOO\�FDOFXODWHG�DFFRUGLQJ
WR�5DZVRQ��������EDVHG�RQ�WKH�0�5�WULDOV�DQG�UHSRUWHG�LQ�6FKURI�HW�DO����������$GMXVWPHQWV�WR�WKHVH
SRSXODWLRQ� HVWLPDWHV�ZHUH�PDGH� DFFRUGLQJ� WR�&DUOVRQ� HW� DO�� ������� DQG� WDEXODWHG� LQ�$SSHQGLFHV
2�����3�����DQG�4����
(PLJUDWLRQ�7LPLQJ
6RFNH\H�VDOPRQ�VPROW�HPLJUDWHG� IURP�0DOLQD� ����0D\���� -XQH���/LWWOH�.LWRL� ���0D\���� -XO\�
DQG� 6SLULGRQ� ��� 0D\��� -XO\�� /DNHV� IURP� HDUO\� 0D\� WKURXJK� -XO\� �)LJXUH� ���� $GGLWLRQDOO\�
VRFNH\H� VDOPRQ� VPROW� HPLJUDWHG� IURP�)UD]HU� DQG�.DUOXN�/DNHV� LQ� HDUO\�0D\� WKURXJK� WKH� ILUVW
ZHHN�LQ�-XO\��3HDN�HPLJUDWLRQV�RFFXUUHG�DURXQG�WKH�ILUVW�ZHHN�LQ�-XQH�DW�/LWWOH�.LWRL�DQG�.DUOXN
/DNHV��WKH�ODVW�ZHHN�LQ�0D\�DW�0DOLQD�/DNHV��DQG�ODWH�0D\�DW�6SLULGRQ�DQG�)UD]HU�/DNHV��7LPLQJ
RI�VRFNH\H�VDOPRQ�VPROW�HPLJUDWLRQV�IURP�.RGLDN�DUHD�V\VWHPV��SULRU�WR�������DUH�VXPPDUL]HG
LQ�$SSHQGLFHV�&�����'�����+��������,�����/�����DQG�2����
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6PROW�$JH�DQG�6L]H
6RFNH\H� VDOPRQ� VPROW� VDPSOHG� IRU� $:/� LQIRUPDWLRQ� LQ� ����� ZHUH� SUHGRPLQDQWO\� DJH� ��
MXYHQLOHV� IURP�$IRJQDN��0DOLQD�� +LGGHQ�� /LWWOH� .LWRL�� /LWWOH�:DWHUIDOO�� 3RUWDJH�� DQG� 6SLULGRQ
/DNHV� �7DEOH� ����� $JH� ��� VPROW� ZHUH� WKH� PRUH� SUHGRPLQDWH� DJH� FODVV� VDPSOHG� IURP� )UD]HU�
.DUOXN�DQG�/DXUD�/DNHV�
7KH�DJH����VRFNH\H�VDOPRQ�VPROW�PLJUDWLQJ�IURP�/LWWOH�.LWRL�/DNH�ZHUH�WKH�ODUJHVW�LQ�OHQJWK�ZLWK
DQ�DYHUDJH�RI�����PP�DQG�����J���DQG�WKH�VPDOOHVW�VPROW�ZHUH�FDSWXUHG�LQ�6DOWHU\�&UHHN��DJH����
��� PP�� ���� J�� 7DEOH� ����� 6SLULGRQ� /DNH� SURGXFHG� WKH� ODUJHVW� DJH� ��� VPROW� ����� PP�� ��� J�
VDPSOHG�DQG�6DOWHU\�/DNH�DJH����VRFNH\H�VDOPRQ�VPROW�ZHUH�WKH�VPDOOHVW�VDPSOHG�����PP�DQG
���� J��� $OO� VRFNH\H� VDOPRQ� VDPSOHG� ZHUH� LQ� JRRG� FRQGLWLRQ�� H[FHSW� IRU� /LWWOH� .LWRL� VPROW� DV
UHIOHFWHG�E\�WKHLU�FRQGLWLRQ�IDFWRUV�
6RFNH\H�VDOPRQ�$:/�GDWD�IRU�SULRU�\HDU�VPROW�FDWFKHV�DUH�VXPPDUL]HG�LQ�$SSHQGLFHV�&�����'����
(�����)�����+�����,�����-�����.�����/�����0�����1�����2�����3�����DQG�4����
3UHVHDVRQ�)RUHFDVWV��&DWFKHV��DQG�7RWDO�(QKDQFHG�5XQ�(VWLPDWHV
&UHVFHQW�/DNH��6HWWOHU�&RYH�7+$����7KH�SUHVHDVRQ�IRUHFDVW�IRU�WKH������VRFNH\H�VDOPRQ�UXQ��DV
D�UHVXOW�RI�WKH�VWRFNLQJ�LQWR�&UHVFHQW�/DNH��ZDV��������HDUO\�UXQ�DGXOWV��7DEOH������&RPPHUFLDO
ILVKLQJ�RSHQHG���-XQH������ IRU�D����KRXU�RSHQLQJ� LQ� WKH�6&7+$��VWDWLVWLFDO�DUHD���������DQG
DJDLQ�RQ����-XQH��%UHQQDQ��������7KH�ODWWHU�ILVKHU\�RSHQLQJ�FRQWLQXHG�XQWLO���-XO\��DQG�WKH�ILQDO
ILVKLQJ� SHULRG� LQ� WKH� 7+$�ZDV� IURP� ��� -XO\� WKURXJK� ��� -XO\�� 7KURXJKRXW� WKLV� SHULRG�� �����
VRFNH\H�VDOPRQ��DYHUDJLQJ�����SRXQGV��OEV���ZHUH�KDUYHVWHG�DQG�UHVXOWHG�LQ�DQ�H[YHVVHO�YDOXH�RI
�������� �7DEOH� ����$SSHQGL[�5��� 7KH�PDMRULW\� RI� WKH� VRFNH\H� VDOPRQ� FDWFK� �������� RFFXUUHG
IURP���-XQH�WKURXJK����-XQH� LQ� WKH�6&7+$��6XEVLVWHQFH�ILVKHUV�KDUYHVWHG�DQ�DGGLWLRQDO������
VRFNH\H� VDOPRQ� LQ� ����� IRU� D� WRWDO� UXQ� WR� WKH� 6&7+$�RI� ������ VRFNH\H� VDOPRQ��&RPPHUFLDO
KDUYHVWV� RI� &UHVFHQW� /DNH� VRFNH\H� VDOPRQ� RFFXUUHG� LQ� WKH� &HQWUDO� 6HFWLRQ� RI� WKH� 1RUWKZHVW
.RGLDN�'LVWULFW�RXWVLGH�RI�6&7+$�
&RKR�VDOPRQ�KDYH�EHHQ�VWRFNHG�LQWR�&UHVFHQW�/DNH�DQQXDOO\�VLQFH�������7KH�SURMHFWHG�UHWXUQ�RI
FRKR� VDOPRQ� ZDV� ������ DGXOWV� �7DEOH� ����� +RZHYHU�� WKH� DFWXDO� KDUYHVW� ZDV� RQO\� ���� FRKR
VDOPRQ��ZKLFK�ZHUH� FDXJKW� LQ� WKH� VXEVLVWHQFH� ILVKHU\�� 7KH� RQO\� RWKHU� FRPPHUFLDOO\� KDUYHVWHG
VDOPRQ�LQ�WKH�6&7+$�ZHUH����FKLQRRN�DQG����FKXP�VDOPRQ��$SSHQGL[�5��
+LGGHQ�/DNH��)RXO�%D\�7+$��� �$QQXDO�UHOHDVHV�RI�MXYHQLOH�VRFNH\H�VDOPRQ�LQWR�+LGGHQ�/DNH
ZHUH� SURMHFWHG� WR� SURGXFH� ������� DGXOW� VRFNH\H� VDOPRQ� LQ� ����� �7DEOH� ����� 7KH� )%7+$
�VWDWLVWLFDO�DUHD���������ZDV�RSHQ�WR�FRPPHUFLDO�ILVKLQJ�FRQWLQXRXVO\�IURP���-XQH�WKURXJK���-XO\
LQ� ����� �%UHQQDQ� ������ 7DEOH� ����� 7KURXJKRXW� WKH� ILVKHU\�� ������� VRFNH\H� VDOPRQ� ZHUH
KDUYHVWHG�LQ�WKH�)%7+$��7DEOH�����$SSHQGL[�5���7KH�DYHUDJH�ZHLJKW�ZDV���OEV��IRU�DQ�H[YHVVHO
YDOXH� RI� ���������� ,Q� DGGLWLRQ�� ���� FKLQRRN� VDOPRQ�� ������ SLQN� VDOPRQ� DQG� ��� FKXP� VDOPRQ
ZHUH� KDUYHVWHG� LQFLGHQWDOO\� WR� VRFNH\H� VDOPRQ� LQ� WKH� )%7+$� LQ� ������ 7KH� PDMRULW\� RI� WKH
VRFNH\H�ZHUH� KDUYHVWHG� IURP� HDUO\� WR�PLG�-XQH�� VLPLODU� WR� WKH� WLPLQJ� RI� WKH� EURRGVWRFN� XVHG
�$IRJQDN�/DNH��IRU�VWRFNLQJ�+LGGHQ�/DNH��)LJXUH����$SSHQGL[�5��
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.LWRL�%D\�$UHD� �.LWRL��'XFN��DQG�,]KXW�%D\V��� �7KH�SUHVHDVRQ� IRUHFDVW� IRU� HDUO\�UXQ� VRFNH\H
VDOPRQ�UHWXUQLQJ�WR�/LWWOH�.LWRL�/DNH�ZDV�������DGXOWV��7DEOH������7KH�.LWRL�%D\�����������'XFN
%D\� ���������� DQG� ,]KXW�%D\� ��������� VWDWLVWLFDO� ILVKLQJ� DUHDV�ZHUH� RSHQHG� WR� WDUJHW� WKH� FKXP
VDOPRQ�UHWXUQLQJ�WR�.LWRL�%D\�+DWFKHU\��&RPPHUFLDO�FDWFKHV�RI�VRFNH\H�VDOPRQ�ZHUH������� LQ
.LWRL�%D\���������LQ�'XFN�%D\��DQG�������LQ�,]KXW�%D\�IRU�D�WRWDO�FDWFK�RI��������/LWWOH�.LWRL�ILVK
�7DEOHV� ���� $SSHQGL[� 5��� 7KHVH� VRFNH\H� VDOPRQ� DYHUDJHG� ���� OEV�� IRU� DQ� H[YHVVHO� YDOXH� RI
��������� 7KH� PDMRULW\� RI� HDUO\�UXQ� VRFNH\H� VDOPRQ� ZHUH� KDUYHVWHG� LQ� ODWH� -XQH� �)LJXUH� ���
$SSHQGL[�5���(LJKW\�VHYHQ�DGGLWLRQDO�HDUO\�UXQ�VRFNH\H�VDOPRQ�ZHUH�KDUYHVWHG�E\�VSRUW�ILVKHUV
LQ�WKH�.LWRL�%D\�DUHD��ZKLFK�LQFUHDVHG�WKH�/LWWOH�.LWRL�/DNH�HDUO\� UXQ� WR��������DGXOWV� LQ�����
�7DEOH�����
$�ODWH�UXQ�VRFNH\H�VDOPRQ�UXQ�RI��������ILVK�ZDV�IRUHFDVWHG�DV�D�UHVXOW�RI�WKH�VWRFNLQJ�SURMHFWV�DW
-HQQLIHU��/LWWOH�.LWRL�� DQG�5XWK�/DNHV��DV�ZHOO� DV� VDOW�ZDWHU� UHOHDVHV� LQ�/LWWOH�.LWRL�%D\� �7DEOH
����� 7KH� VDPH� VHFWLRQV� DV� GHVFULEHG� DERYH� ZHUH� RSHQHG� IURP� ��� -XO\� WKURXJK� ��� 6HSWHPEHU
�%UHQQDQ� ������ 7DEOH� ����� 7KH� ODWH�UXQ� VRFNH\H� VDOPRQ� KDUYHVW� ZDV� ������ IURP� .LWRL� %D\�
�������IURP�'XFN�%D\��DQG�������IURP�,]KXW�%D\�IRU�D�WRWDO�KDUYHVW�RI��������DGXOWV��7DEOHV���
DQG�����$SSHQGL[�5���7KH�ODWH�UXQ�VRFNH\H�VDOPRQ�FRPPHUFLDO�KDUYHVW������OE��ILVK��ZDV�ZRUWK
���������7KH�PDMRULW\�RI�WKLV�KDUYHVW�RFFXUUHG�DURXQG�PLG�$XJXVW��)LJXUH�����$SSHQGL[�5���,Q
������WKH�WRWDO�UXQ��HDUO\�DQG�ODWH��WR�WKH�.LWRL�%D\�DUHD�ZDV��������VRFNH\H�VDOPRQ��7DEOH�����
&RPPHUFLDO�FDWFKHV�RI�SLQN��FKXP��DQG�FRKR�VDOPRQ�DOVR�RFFXUUHG�LQ�WKH�.LWRL�%D\�DUHD�LQ������
3UHVHDVRQ� IRUHFDVWV�ZHUH� IRU� UXQV� RI� DSSUR[LPDWHO\� ����PLOOLRQ� �����PLOOLRQ� IRU� KDUYHVW�� SLQN
VDOPRQ�� ������� �������� IRU� KDUYHVW�� FKXP� VDOPRQ�� DQG� �������� ��������� IRU� KDUYHVW�� FRKR
VDOPRQ� �7DEOH� �����$FWXDO� FRPPHUFLDO� KDUYHVWV� ZHUH� ����������� SLQN� VDOPRQ�� �������� FKXP
VDOPRQ��DQG���������FRKR�VDOPRQ��7DEOH�����$SSHQGL[�5���7KH�H[YHVVHO�YDOXHV�RI�WKHVH�KDUYHVWV
ZHUH������������IRU�SLQN�VDOPRQ�����������IRU�FKXP�VDOPRQ��DQG����������IRU�FRKR�VDOPRQ�
/LWWOH�:DWHUIDOO�/DNH��:DWHUIDOO�%D\�7+$��� �7KH�:DWHUIDOO�%D\�7+$����������ZDV�RSHQHG� WR
FRPPHUFLDO� VDOPRQ� ILVKLQJ� IURP� �� -XQH� WKURXJK� �� -XO\�� ������ $Q� HVWLPDWHG� ������� VRFNH\H
VDOPRQ�ZHUH�IRUHFDVWHG�IRU�KDUYHVW�LQ�������7DEOH������7KH�DFWXDO�KDUYHVW�HVWLPDWH�ZDV�������
VRFNH\H�VDOPRQ��7DEOHV����DQG�����$SSHQGL[�5���7KH�ILVK�ZHLJKHG�DQ�DYHUDJH�RI�����OEV��IRU�DQ
H[YHVVHO�YDOXH�RI����������7KH�WLPLQJ�RI�KDUYHVWV�LQ�WKH�:%7+$�SDUDOOHOHG�WKRVH�LQ�WKH�)%7+$
�)LJXUH� ����$GGLWLRQDO� KDUYHVW� GXULQJ� WKH� VRFNH\H� ILVKHU\� LQFOXGHG� �� FKLQRRN�� ��� SLQN�� DQG� �
FKXP�VDOPRQ��$SSHQGL[�5��
7KH� SLQN� VDOPRQ� UXQ� WR� /LWWOH�:DWHUIDOO� &UHHN� ZDV� HVWLPDWHG� RQ� IRRW� DW� ������� ILVK� LQ� ����
�$SSHQGL[�)������2QO\�������SLQN�VDOPRQ�ZHUH�KDUYHVWHG�DW�/LWWOH�:DWHUIDOO�GXH�WR�VWURQJ�UHWXUQV
RI�SLQN�VDOPRQ�LQ�WKH�.0$��7KH�H[YHVVHO�YDOXH�RI�WKH�SLQN�VDOPRQ�KDUYHVW�ZDV���������7DEOH
����
6SLULGRQ�/DNH� �6SLULGRQ�/DNH�7+$��� �7KH�6/7+$� ���������ZDV� RSHQ� WR� FRQWLQXRXV� ILVKLQJ
IURP� ��� -XQH� WKURXJK� ��� 6HSWHPEHU� �%UHQQDQ� ������ 7DEOH� ����� 7KH� IRUHFDVW� IRU� WKH� VRFNH\H
VDOPRQ�UXQ�WR�6SLULGRQ�/DNH�ZDV����������7KH�KDUYHVW�LQ�WKH�7+$�ZDV��������VRFNH\H�VDOPRQ�
�������SLQN�VDOPRQ���������FKXP�VDOPRQ��DQG�����FRKR�VDOPRQ��%UHQQDQ�������$SSHQGL[�5��
7KH�WRWDO������6SLULGRQ�/DNH�KDUYHVW�ZDV�HVWLPDWHG�DW���������VRFNH\H�VDOPRQ��ZKLFK�DYHUDJHG
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���� OEV��HDFK�DQG�KDG�DQ�H[YHVVHO�YDOXH�RI���������� �7DEOHV������$Q�DGGLWLRQDO�������VRFNH\H
�7HOURG�&UHHN�HVFDSHPHQW��ZHUH�QRW�KDUYHVWHG�� WKXV�� WKH�WRWDO�UXQ�ZDV�HVWLPDWHG�WR�EH��������
DGXOWV�LQ�������7KH�UXQ�WLPLQJ�SDUDOOHOHG�WKH�EURRGVWRFN
V�HVFDSHPHQW�WLPLQJ��6DOWHU\�/DNH�ILVK
UHWXUQHG�SULPDULO\�LQ�-XO\�DQG�8SSHU�6WDWLRQ�ILVK�UHWXUQHG�SULPDULO\�LQ�$XJXVW��)LJXUH�����
.DWPDL�/DNH��QHDU�WKH�9LOODJH�RI�2X]LQNLH��� �7KH�IRUHFDVW�IRU� WKH�FRKR�VDOPRQ�UXQ�WR�.DWPDL
/DNH�ZDV������� ILVK� �7DEOH������&RPPHUFLDO� FDWFK�GDWD�RQ� FRKR� UHWXUQV� WR�.DWPDL�/DNH�ZHUH
OLPLWHG� DQG� VSRUW� DQG� VXEVLVWHQFH� FDWFK� GDWD� IURP� 2X]LQNLH� YLOODJH� UHVLGHQWV� FRXOG� QRW� EH
REWDLQHG�
+LVWRULFDO�SUHVHDVRQ�IRUHFDVWV��FDWFKHV��DQG�WRWDO�HQKDQFHG�UXQ�HVWLPDWHV�IRU�WKH�DIRUHPHQWLRQHG
V\VWHPV�DUH�GHVFULEHG�LQ�$SSHQGLFHV�&�����'�����(�����)�����DQG�*����
3UHVHDVRQ�)RUHFDVWV��&DWFKHV��(VFDSHPHQWV��DQG�7RWDO�1DWXUDO�5XQ�(VWLPDWHV
$IRJQDN�/DNH���$IRJQDN�/DNH�VRFNH\H�VDOPRQ�UXQV�KDYH�QRW�EHHQ�IRUPDOO\�IRUHFDVWHG��KRZHYHU�
VXSSOHPHQWDO� SURGXFWLRQ� LV� SURMHFWHG� HDFK� \HDU�� %DVHG� RQ� VWRFNLQJ� QXPEHUV�� DSSUR[LPDWHO\
�������VXSSOHPHQWDO�VRFNH\H�VDOPRQ�ZHUH�SURMHFWHG�WR�UHWXUQ�LQ�������7DEOH������$�FRPPHUFLDO
KDUYHVW�RI�VRFNH\H�VDOPRQ�IURP�VWDWLVWLFDO�DUHD���������$IRJQDN�%D\��GLG�QRW�RFFXU�LQ������GXH
WR�ORZ�UHWXUQV�WR�WKH�V\VWHP��7KH�VXEVLVWHQFH�KDUYHVW�ZDV�������DQG�VSRUW�ILVK�KDUYHVW�ZDV����
VRFNH\H� VDOPRQ�� 7KH� VRFNH\H� VDOPRQ� HVFDSHPHQW� RI� ������� ZDV� ZHOO� EHORZ� WKH� PLQLPXP
HVFDSHPHQW� JRDO� RI� ������� HVWDEOLVKHG� IRU� WKLV� V\VWHP� �1HOVRQ� DQG� /OR\G� ������� 7KH� WRWDO
$IRJQDN�/DNH�VRFNH\H�VDOPRQ�UXQ�LQ������ZDV��������DGXOWV�
/DXUD��3DXOV��DQG�3RUWDJH�/DNHV��3HUHQRVD�%D\�6HFWLRQ��� �/DXUD�DQG�3RUWDJH�/DNHV�VRFNH\H�
SLQN�� DQG� FRKR� VDOPRQ� UXQV� KDYH� QRW� EHHQ� IRUPDOO\� IRUHFDVWHG�� 6XSSOHPHQWDO� VRFNH\H� VDOPRQ
SURGXFWLRQ� LV� SURMHFWHG� HDFK� \HDU� IRU� /DXUD� /DNH�� %DVHG� RQ� VWRFNLQJ� QXPEHUV�� DSSUR[LPDWHO\
������ VXSSOHPHQWDO� VRFNH\H� VDOPRQ� ZHUH� SURMHFWHG� WR� UHWXUQ� LQ� ����� �7DEOH� ����� 7KH� WRWDO
KDUYHVW� IURP� VWDWLVWLFDO� DUHD� �������� ������� �3HUHQRVD� %D\�� ZDV� ��� VRFNH\H� VDOPRQ� IRU� DQ
H[YHVVHO�YDOXH�RI������7DEOH�����$SSHQGL[�5���7KH�VXEVLVWHQFH�ILVKHU\�KDUYHVW�ZDV�HVWLPDWHG�DW
��� VRFNH\H� VDOPRQ�� SOXV� DQ� DGGLWLRQDO� ������� ILVK� ZHUH� FRXQWHG� WKURXJK� WKH� ZHLU� �%URGLH� LQ
SUHVV��
$�ILVK�ZHLU�ZDV�RSHUDWHG�XSVWUHDP�RI�WKH�ILVK�SDVV�RQ�3RUWDJH�&UHHN�WR�FRXQW�VRFNH\H�VDOPRQ�LQ
������%URGLH�LQ�SUHVV���7KH������VRFNH\H�VDOPRQ�HVFDSHPHQW�LQWR�3RUWDJH�/DNH�ZDV�������
7KH�FRKR�VDOPRQ�KDUYHVW� IURP�WKH�3HUHQRVD�%D\�VHFWLRQ�ZDV��������DGXOWV� LQ�������7DEOH����
$SSHQGL[�5���7KH�FRKR�VDOPRQ�DYHUDJHG�����OEV��IRU�DQ�H[YHVVHO�YDOXH�RI����������6XEVLVWHQFH
DQG�VSRUW�ILVKHUV�KDUYHVWHG�DQRWKHU�����FRKR�DQG�WKH�HVFDSHPHQW�WKURXJK�WKH�3DXOV�%D\�ZHLU�ZDV
�������ILVK��%URGLH�LQ�SUHVV���IRU�D�WRWDO�UXQ�RI��������ILVK�LQ�������&RKR�VDOPRQ�W\SLFDOO\�UHWXUQ
WR�3DXOV�%D\� LQ� ODWH�$XJXVW� DQG� HDUO\�6HSWHPEHU� �)LJXUH� �����$OVR�� ������� SLQN� VDOPRQ�ZHUH
HQXPHUDWHG�WKURXJK�WKH�ZHLU�DW�3DXOV�%D\�LQ������
0DOLQD�/DNHV���7KH�SUHVHDVRQ�IRUHFDVW�IRU�WKH�HQKDQFHG�SRUWLRQ�RI�WKH�VRFNH\H�VDOPRQ�UXQ�WR�WKH
0DOLQD� /DNHV� ZDV� �������� 6WRFNLQJ� KDV� RFFXUUHG� IURP� ���������� WR� SURYLGH� HQKDQFHG
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SURGXFWLRQ� LQWR� WKLV�V\VWHP��$�IRUPDO�VWRFN�VHSDUDWLRQ�DQDO\VLV�ZDV�QRW� LPSOHPHQWHG� WR�DVVHVV
VXSSOHPHQWDO�ILVK�SURGXFWLRQ��&RPPHUFLDO���������DQG�VXEVLVWHQFH������ILVKHUV�KDUYHVWHG������
VRFNH\H� VDOPRQ� LQ� ����� DQG� WKH� HVFDSHPHQW� ZDV� ������� �%URGLH� LQ� SUHVV�� IRU� D� WRWDO� UXQ� RI
��������7KH�FRPPHUFLDO�VRFNH\H�VDOPRQ�KDUYHVW�RI�������ZDV�YDOXHG�DW����������7KH�UXQ�WLPLQJ
RI�WKLV�HDUO\�UXQ�VWRFN�ZDV�VLPLODU�WR�WKH�DYHUDJH�WLPLQJ�RI�SUHYLRXV�\HDUV��)LJXUH�����
)UD]HU�/DNH���7KH�VRFNH\H�VDOPRQ�UXQ�WR�)UD]HU�/DNH�ZDV�IRUHFDVWHG�WR�EH���������DGXOWV�ZLWK�D
SURMHFWHG�KDUYHVW�RI����������7DEOH������7KH�DFWXDO�FDWFK�ZDV���������VRFNH\H�VDOPRQ�YDOXHG�DW
���������� 7KH� HVFDSHPHQW� ZDV� �������� VRFNH\H� VDOPRQ� IRU� D� WRWDO� UXQ� RI� �������� LQ� ����
�$SSHQGL[� /����� +RQQROG� DQG� 6FKURI� ������� 7KH� VRFNH\H� VDOPRQ� HVFDSHPHQW� IHOO� ZLWKLQ� WKH
HVFDSHPHQW�JRDO�UDQJH�RI���������WR���������ILVK�
6DOWHU\�/DNH��6DOWHU\�/DNH� VRFNH\H� VDOPRQ� UXQV� KDYH� QRW� EHHQ� IRUPDOO\� IRUHFDVWHG� GXH� WR� WKH
LQDELOLW\�WR�HVWLPDWH�WKH�FDWFK�ERXQG�IRU�6DOWHU\�/DNH��$GXOW�HVFDSHPHQW�OHYHOV�DUH�PRQLWRUHG�DV
D� ZD\� WR� PHDVXUH� SURGXFWLRQ�� ,Q� ������ ������� VRFNH\H� VDOPRQ� ZHUH� HQXPHUDWHG� WKURXJK� WKH
6DOWHU\� /DNH�ZHLU� �%URGLH� LQ� SUHVV�� 1HOVRQ� DQG� /OR\G� ������� 7KH� HVFDSHPHQW� ZDV� DERYH� WKH
XSSHU�HQG�RI�WKH�HVFDSHPHQW�JRDO�RI��������ILVK��(VFDSHPHQW�WLPLQJ��-XO\��ZDV�VLPLODU�LQ�����
WR�WKH�SUHYLRXV����\HDU�DYHUDJH��)LJXUH�����
$JH�&RPSRVLWLRQV�RI�(VFDSHPHQWV�DQG�+DUYHVWV
$GXOW�VRFNH\H�VDOPRQ�ZHUH�VDPSOHG�IRU�DJH�GHWHUPLQDWLRQ�DW�QLQH�V\VWHPV�WKDW�ZHUH�SDUW�RI�WKH
HQKDQFHPHQW�� UHKDELOLWDWLRQ��DQG�PRQLWRULQJ�SURMHFWV� LQ� WKH�.0$�IRU�������7DEOH������6DPSOH
VL]HV�YDULHG�EHWZHHQ�SURMHFWV�EDVHG�RQ�WKH�VDPSOLQJ�REMHFWLYHV��$')	*��������7KH�QXPEHU�RI
VFDOH�VDPSOHV�FROOHFWHG�UDQJHG�IURP�D�KLJK�RI�������VRFNH\H�VDOPRQ�IURP�6SLULGRQ�/DNH�7+$
DQG�6SLULGRQ�%D\��VHWQHW�VLWH��FRPELQHG�WR�D� ORZ�RI�����VDPSOHV� IURP�WKH�0DOLQD�&UHHN�7+$
FRPPHUFLDO� VDOPRQ� KDUYHVW�� 7KH� SUHGRPLQDQW� DJH� FODVV� DW� HDFK� V\VWHP� ZHUH� LGHQWLILHG� DV
IROORZV��$IRJQDN�/DNH�HVFDSHPHQW�ZDV�GRPLQDWHG�E\�DJH�����ILVK��������)RXO�%D\�7+$�±�DJH
�����������/LWWOH�.LWRL�/DNH�%D\�KDUYHVW�±�DJH�����ILVK��������0DOLQD�/DNH�HVFDSHPHQW��KDUYHVW
±�DJH������������3DXOV�/DNH�HVFDSHPHQW�±�DJH�����ILVK��������6DOWHU\�/DNH�HVFDSHPHQW�±�DJH����
�������6SLULGRQ�/DNH�7+$�KDUYHVW�±�DJH�����ILVK��������DQG�:DWHUIDOO�%D\�7+$�KDUYHVW�±�DJH
����ILVK�������
+LVWRULFDO�DJH�FRPSRVLWLRQV�RI�HVFDSHPHQWV�� DQG�FDWFKHV� IRU�\HDUV�SULRU� WR������DUH� WDEXODWHG� LQ
$SSHQGLFHV�&�����'�����(�����)�����+�����,�����-�����.�����DQG�1����

6800$5<

6DOPRQ�UHKDELOLWDWLRQ��HQKDQFHPHQW��DQG�UHVHDUFK�SURJUDPV�KDYH�EHHQ�FRQGXFWHG�LQ�WKH�.0$�VLQFH
WKH�HDUO\�����V��'DWD�FROOHFWHG�IURP�PRUH�UHFHQW� LQYHVWLJDWLYH�SURMHFWV� LQ� WKH� ODWH�����V� WKURXJK
�����KDYH�EHHQ�SUHVHQWHG�LQ�WKLV�UHSRUW�
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/DNH� KDELWDW� LV� FULWLFDO� IRU� UHDULQJ� MXYHQLOH� VRFNH\H� VDOPRQ�� 7R� DVVHVV� VRFNH\H� VDOPRQ� UHDULQJ
KDELWDW� LQ� WKH� V\VWHPV� ZLWK� UHKDELOLWDWLRQ� DQG� HQKDQFHPHQW� SURMHFWV�� D� OLPQRORJLFDO� VDPSOLQJ
SURJUDP�ZDV�LPSOHPHQWHG�LQ� WKH�.0$�WR�FORVHO\�PRQLWRU� WKH�SK\VLFDO��FKHPLFDO��DQG�ELRORJLFDO
SDUDPHWHUV�RI�SURMHFW�ODNHV��,Q�WKHVH�LQYHVWLJDWLRQV��WKH�ODNHV�ZHUH�HLWKHU�FODVVLILHG�DV�DQDGURPRXV
�VHOI�VXVWDLQLQJ�� RU� QRQ�DQDGURPRXV� �EDUUHQ�� V\VWHPV�� $QDGURPRXV� V\VWHPV� VXFK� DV� .DUOXN�
$IRJQDN�� DQG�0DOLQD� /DNHV�ZHUH� FRQVLGHUHG� GHSUHVVHG� LQ� WHUPV� RI� VRFNH\H� VDOPRQ� SURGXFWLRQ�
6LQFH�VRFNH\H�VDOPRQ�HVFDSHPHQW�JRDOV�ZHUH�QRW�EHLQJ�DFKLHYHG��WKHVH�V\VWHPV�DUH�UHIHUUHG�WR�DV
µUHKDELOLWDWLRQ�V\VWHPV¶��1RQ�DQDGURPRXV�V\VWHPV�VXFK�DV�)UD]HU��/DXUD��6SLULGRQ��+LGGHQ��/LWWOH
DQG� %LJ�:DWHUIDOO�� DQG� &UHVFHQW� /DNHV� DUH� FRQVLGHUHG� HQKDQFHPHQW� SURMHFWV� ZLWK� WKH� LQWHQW� WR
SURYLGH� VXSSOHPHQWDO� VRFNH\H� VDOPRQ� WR� FRPPHUFLDO� ILVKHULHV�� $V� D� ZKROH�� WKH� ODNHV� HYDOXDWHG
H[KLELWHG� VHDVRQDO� DQG� DQQXDO� YDULDWLRQV� WKDW� ZHUH� ZLWKLQ� WKH� QRUPDO� UDQJH� IRU� SDUDPHWHUV
PHDVXUHG�
.LWRL�%D\�+DWFKHU\�DQG�3LOODU�&UHHN�+DWFKHU\�SURGXFH� MXYHQLOH� VDOPRQ� WR� LQFUHDVH� VXSSOHPHQWDO
KDUYHVW� SURGXFWLRQ� LQ� WKH� .0$� FRPPRQ� SURSHUW\� ILVKHU\�� .LWRL� %D\� +DWFKHU\� SURGXFHV� SLQN�
FKXP��DQG�FRKR�VDOPRQ�IRU�FRPPHUFLDO�ILVKHUV��6RFNH\H�VDOPRQ�SURGXFWLRQ�DW�.LWRL�%D\�+DWFKHU\
DOVR� SURYLGHV� IRU� EURRGVWRFN� GHYHORSPHQW� DQG� VXSSOHPHQWDO� KDUYHVW� LQ� WKH� FRPPHUFLDO� ILVKHU\
WKURXJK�RXWVWRFNLQJ�SURMHFWV��3LOODU�&UHHN�+DWFKHU\�ZDV�EXLOW�DV�DQ�RXWVWRFNLQJ�IDFLOLW\�WR�HQKDQFH
VRFNH\H� VDOPRQ� SURGXFWLRQ� WKURXJK� EDUUHQ� ODNH� VWRFNLQJV� DQG� WR� UHKDELOLWDWH� GHSUHVVHG� VRFNH\H
VDOPRQ�V\VWHPV�
7R�IXUWKHU�HYDOXDWH�DQG�PRQLWRU�SURGXFWLRQ�� MXYHQLOH�VRFNH\H�VDOPRQ�SRSXODWLRQV�ZHUH�HVWLPDWHG
XWLOL]LQJ�K\GURDFRXVWLF�VXUYH\V�LQ�WKH�ODNHV�RU�PDUN�UHFDSWXUH�DQG�RWKHU�WHFKQLTXHV�LQ�RXWOHW�VWUHDPV
DV�ILVK�ZHUH�HPLJUDWLQJ�IURP�WKHLU�UHVSHFWLYH�ODNHV��6PROW�HVWLPDWHV�DQG�$:/�LQIRUPDWLRQ�SURYLGHV
VRPH� LQGLFDWLRQ� RQ� WKH� RYHUDOO� KHDOWK� �FRQGLWLRQ� FRHIILFLHQW�� RI� WKH�PLJUDWLQJ� VPROW��&KDQJHV� LQ
VPROW�KHDOWK�SURYLGH�LQVLJKW�LQWR�WKH�]RRSODQNWRQ�FRPPXQLW\�DQG�VWDWXV�RI�RWKHU�ODNH�SDUDPHWHUV�E\
FRPSDULQJ� SUH�SURMHFW� VPROW� $:/� GDWD� WR� FXUUHQW� VPROW� GDWD�� 7KH� VPROW� OHQJWK�WR�ZHLJKW
UHODWLRQVKLSV�ZHUH�HYDOXDWHG�WR�DGMXVW�VWRFNLQJ�OHYHOV�DQG�IHUWLOL]HU�DSSOLFDWLRQV�
$GXOW�VDOPRQ�SURGXFWLRQ�ZDV�GHWHUPLQHG�E\�ZHLU�HVFDSHPHQW�FRXQWV�DQG�IRRW�VXUYH\V�DW�V\VWHPV
XQGHU�HYDOXDWLRQ��(QKDQFHG�SURGXFWLRQ�RI�VRFNH\H�VDOPRQ�ZDV�HVWLPDWHG�DW�WHUPLQDO�KDUYHVW�DUHDV
IURP� RQ�VLWH� $')	*� ILHOG� SHUVRQQHO� DQG� ILVK� WLFNHW� KDUYHVW� GDWD�� $JH� FRPSRVLWLRQ� RI� VDOPRQ
VWRFNV�DQG�FRQWULEXWLRQV�WR�WKH�FRPPHUFLDO�ILVKHULHV�ZHUH�PDGH�XVLQJ�63$�
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$')��$ODVND�'HSDUWPHQW�RI�)LVKHULHV���������7KLUG�DQQXDO� UHSRUW�RI� WKH�$ODVND�)LVKHULHV�%RDUGDQG�$ODVND�'HSDUWPHQW�RI�)LVKHULHV��5HSRUW��1R�����-XQHDX�
$')	*��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH���������6DOPRQ�5HVHDUFK�2SHUDWLRQDO�3ODQV�IRU�WKH.RGLDN��&KLJQLN�DQG�$OHXWLDQ�,VODQGV�PDQDJHPHQW�DUHDV��������$ODVND�'HSDUWPHQW�RI�)LVKDQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.������.RGLDN�
$')	*��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH�������D��6DOPRQ�UHVHDUFK�RSHUDWLRQDO�SODQV�IRU�WKH.RGLDN��&KLJQLN�DQG�$OHXWLDQ�,VODQGV�PDQDJHPHQW�DUHDV��������$ODVND�'HSDUWPHQW�RI�)LVKDQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.������.RGLDN�
$')	*� �$ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH��� ����E�� 5HJXODWLRQV� RI� WKH� $ODVND� %RDUG� RI)LVKHULHV�IRU�&RPPHUFLDO�)LVKLQJ�LQ�$ODVND������������&RRN�,QOHW��.RGLDN��DQG�&KLJQLN$UHDV��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��-XQHDX�
$')	*��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH���������6DOPRQ�UHVHDUFK�RSHUDWLRQDO�SODQV�IRU�WKH.RGLDN� DUHD�� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.�������.RGLDN�
$')	*��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH���������6DOPRQ�UHVHDUFK�RSHUDWLRQDO�SODQV�IRU�WKH.RGLDN� DUHD�� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.�������.RGLDN�
$')	*��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH���������6DOPRQ�UHVHDUFK�RSHUDWLRQDO�SODQV�IRU�WKH.RGLDN� DUHD�� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.�������.RGLDN�
$SSHQ]HOODU��$��5��DQG�:��&��/HJJHWW��������$Q�HYDOXDWLRQ�RI�OLJKW�PHGLDWHG�YHUWLFDO�PLJUDWLRQ�RIILVK� EDVHG� RQ� K\GURDFRXVWLF� DQDO\VLV� RI� WKH� GLHO� YHUWLFDO� PRYHPHQWV� RI� UDLQERZ� VPHOW

2VPHUXV�PRUGD[� &DQ�-��)LVK��$TXDW��6FL��������������
%DUUHWW��%�0���3�$��1HOVRQ��DQG�&�2��6ZDQWRQ������D��6RFNH\H�VDOPRQ�2QFRUK\QFKXV�QHUND�VPROWLQYHVWLJDWLRQV�DW�5HG��$NDOXUD��DQG�8SSHU�6WDWLRQ�/DNHV�FRQGXFWHG�LQ�UHVSRQVH�WR�WKH�����0�9� ([[RQ� 9DOGH]� 2LO� 6SLOO�� ����������� $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.������.RGLDN�
%DUUHWW��%�0���&�2��6ZDQWRQ�DQG�3�$��1HOVRQ������E��6RFNH\H�6DOPRQ�6PROW�$EXQGDQFH��7LPLQJ�DQG� *URZWK� &KDUDFWHULVWLFV� IRU� 5HG�� $NDOXUD�� 8SSHU� 6WDWLRQ�� DQG� )UD]HU� /DNHV�� �����$ODVND�'HSW��RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ5HSRUW��.�������.RGLDN�
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%ODFNHWW��5�)��������(VWDEOLVKPHQW�RI�VRFNH\H��2QFRUK\QFKXV�QHUND� DQG�FKLQRRN��2��WVKDZ\WVFKD�VDOPRQ�UXQV�DW�)UD]HU�/DNH��.RGLDN�,VODQG��$ODVND��-��)LVK��5HV��%RDUG�&DQ���������������
%ODFNHWW��5�)�� ������'HYHORSPHQW� DQG� SHUIRUPDQFH� RI� DQ�$ODVND� VWHHSSDVV� ILVKZD\� IRU� VRFNH\HVDOPRQ��2QFRUK\QFKXV�QHUND���&DQ��-��)LVK��$TXDW��6FL�������������
%UHQQDQ��.��������.RGLDN�0DQDJHPHQW�$UHD�&RPPHUFLDO�6DOPRQ�$QQXDO�0DQDJHPHQW�5HSRUW������ $ODVND�'HSW�� RI� )LVK� DQG�*DPH��'LYLVLRQ� RI�&RPPHUFLDO� )LVKHULHV�0DQDJHPHQWDQG�'HYHORSPHQW��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
%UHQQDQ��.��������.RGLDN�0DQDJHPHQW�$UHD�&RPPHUFLDO�6DOPRQ�$QQXDO�0DQDJHPHQW�5HSRUW������ $ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
%URGLH�� -�5�� ������.RGLDN�0DQDJHPHQW�$UHD� VDOPRQ� HVFDSHPHQW� GDLO\� FXPXODWLYH� FRXQWV� IRUILVK�ZHLUV�� �����������$ODVND�'HSDUWPHQW� RI� )LVK� DQG�*DPH��'LYLVLRQ� RI�&RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.������.RGLDN�
%URGLH��-�5��,Q�SUHVV� .RGLDN�0DQDJHPHQW�$UHD�VDOPRQ�HVFDSHPHQW�GDLO\�FXPXODWLYH�FRXQWV�IRUILVK�ZHLUV�� �����������$ODVND�'HSDUWPHQW� RI� )LVK� DQG�*DPH��'LYLVLRQ� RI�&RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.���[[��.RGLDN�
&DUOVRQ��6�5���/�*��&RJJLQV�-U���DQG�&�2��6ZDQWRQ��������$�VLPSOH�VWUDWLILHG�GHVLJQ�IRU�PDUN�UHFDSWXUH� HVWLPDWLRQ� RI� VDOPRQ� VPROW� DEXQGDQFH�� $ODVND� )LVKHULHV� 5HVHDUFK� %XOOHWLQ������������
&OLQH�� -�'�� ������ 6SHFWURSKRWRPHWULF� GHWHUPLQDWLRQ� RI� K\GURJHQ� VXOILGH� LQ� QDWXUDO� ZDWHUV�/LPQRORJ\�DQG�2FHDQRJUDSK\������������
&RJJLQV�� /�*�� DQG� 1�+�� 6DJDONLQ�� ������ $NDOXUD� /DNH� 6RFNH\H� 6DOPRQ� 5HVWRUDWLRQ�� $ODVND'HSW��RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW1R� �.�������.RGLDN�
&RJJLQV��/�*��������6XPPDU\�'DWD�IURP�WKH������6RFNH\H�6DOPRQ�6PROW�,QYHVWLJDWLRQV�DW�5HG�$NDOXUD� DQG )UD]HU� /DNHV�� $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.�������.RGLDN�
&ROH��*�$��������7H[WERRN�RI�/LPQRORJ\��7KH�&�9��0RVE\�&RPSDQ\��6W��/RXLV��0LVVRXUL�
+DOO�� $��� 6�*�� +RQQROG�� DQG� -�1��0F&XOORXJK�� ������ .LWRL� %D\� +DWFKHU\� $QQXDO�0DQDJHPHQW3ODQ��������$ODVND�'HSW��RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
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+DOO��$���6�*��+RQQROG�� -�1��0F&XOORXJK�� DQG�6�7��6FKURI�� ������.LWRL�%D\�+DWFKHU\�$QQXDO0DQDJHPHQW� 3ODQ�� ������ $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
+DQVVRQ��6��������9DULDWLRQ�LQ�K\GURDFRXVWLF�DEXQGDQFH�RI�SHODJLF�ILVK��)LVK��5HV���������������
+RQQROG� 6�*�� ������$VVHVVPHQW� DQG� HYDOXDWLRQ� RI� WKH� SHUIRUPDQFH� RI� ILVK� SDVVHV� ORFDWHG� RQ$IRJQDN�,VODQG��8QSXEOLVKHG�UHSRUW��$ODVND�'HSW��RI�)LVK�DQG�*DPH��.RGLDN�
+RQQROG��6�*��������6XPPDU\�RI�K\GURDFRXVWLF�DQG�WRZQHWWLQJ�VXUYH\V�FRQGXFWHG�DW�5HG��$NDOXUD�DQG�8SSHU�6WDWLRQ�/DNHV�LQ�UHVSRQVH�WR�WKH������([[RQ�9DOGH]�RLO�VSLOO������������$ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��)5('�'LYLVLRQ�5HSRUW�6HULHV�����
+RQQROG� 6�*�� ������ 7KH� 5HVXOWV� RI� 6RFNH\H� 6DOPRQ� 2QFRUK\QFKXV� QHUND� 6WRFNLQJ� LQWR6SLULGRQ /DNH RQ WKH .RGLDN�1DWLRQDO�:LOGOLIH�5HIXJH��-XYHQLOH�DQG�$GXOW�3URGXFWLRQ�&RPPHUFLDO� +DUYHVW�� DQG� (FRV\VWHP� (IIHFWV�� ����������� $ODVND� 'HSW�� RI� )LVK� DQG*DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO� ,QIRUPDWLRQ� 5HSRUW� �.������.RGLDN�
+RQQROG� 6�*�� ������ /LWWOH� :DWHUIDOO� &UHHN� %DUULHU� %\SDVV� ,PSURYHPHQW�� 3LQN� 2QFRUK\QFKXV

JRUEXVFKD�DQG�&RKR�VDOPRQ�2QFRUK\QFKXV�NLVXWFK�+DELWDW�(QKDQFHPHQW��$ODVND�'HSW��RI)LVK DQG *DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO� ,QIRUPDWLRQ�5HSRUW��.������ .RGLDN�
+RQQROG�� 6�*�� DQG� -�$�� (GPXQGVRQ�� ������ /LPQRORJLFDO� DQG� ILVKHULHV� DVVHVVPHQW� RI� VRFNH\HVDOPRQ��2QFRU\QFKXV�QHUND� SURGXFWLRQ�LQ�WKH�/DXUD�/DNH�V\VWHP��$ODVND�'HSDUWPHQW�RI)LVK�DQG�*DPH��)5('�'LYLVLRQ�5HSRUW�6HULHV������-XQHDX�
+RQQROG��6�*�� DQG�1�+��6DJDONLQ�� ������$� UHYLHZ�RI� OLPQRORJ\� DQG� ILVKHU\� GDWD� DQG� D� VRFNH\HVDOPRQ�HVFDSHPHQW�JRDO�HYDOXDWLRQ�IRU�6DOWHU\�/DNH�RQ�.RGLDN�,VODQG��$ODVND�'HSDUWPHQWRI )LVK DQG *DPH� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO� ,QIRUPDWLRQ� 5HSRUW�.�������.RGLDN�
+RQQROG��6�*��DQG�6�7��6FKURI������D��$�VXPPDU\�RI�VDOPRQ�HQKDQFHPHQW�DQG�UHVWRUDWLRQ�LQ�WKH.RGLDN�0DQDJHPHQW�$UHD�WKURXJK�������$�UHSRUW�WR�WKH�$ODVND�%RDUG�RI�)LVKHULHV��$ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ5HSRUW��.�������.RGLDN�
+RQQROG�� 6�*�� DQG� 6�7�� 6FKURI�� ����E�� 7KH� 5HVXOWV� RI� 6RFNH\H� 6DOPRQ�2QFRUK\QFKXV� QHUND6WRFNLQJ LQWR�+LGGHQ�/DNH�RQ�WKH�.RGLDN�1DWLRQDO�:LOGOLIH�5HIXJH��-XYHQLOH�DQG�$GXOW3URGXFWLRQ��&RPPHUFLDO�+DUYHVW��DQG�(FRV\VWHP�(IIHFWV�������������$ODVND�'HSDUWPHQWRI )LVK DQG *DPH� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO� ,QIRUPDWLRQ� 5HSRUW�.�������.RGLDN�
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+RQQROG� 6�*��� &�� &OHYHQJHU�� DQG� -�1�� 0F&XOORXJK�� ������ 3LOODU� &UHHN� +DWFKHU\� $QQXDO0DQDJHPHQW� 3ODQ�� ������ $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
+RQQROG� 6�*���&��&OHYHQJHU�� -�1��0F&XOORXJK�� DQG�6�7��6FKURI�� ������ 3LOODU�&UHHN�+DWFKHU\$QQXDO� 0DQDJHPHQW� 3ODQ�� ������ $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN
+RQQROG� 6�*���-�$��(GPXQGVRQ��DQG�6��6FKURI��������/LPQRORJLFDO�DQG�)LVKHU\�$VVHVVPHQW�RI�� $ODVND 3HQLQVXOD DQG�$OHXWLDQ�$UHD� /DNHV�� �����������$Q� (YDOXDWLRQ� RI� 3RWHQWLDO6RFNH\H DQG &RKR 6DOPRQ� 3URGXFWLRQ�� $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO� )LVKHULHV� 0DQDJHPHQW� DQG� 'HYHORSPHQW�� 5HJLRQDO� ,QIRUPDWLRQ� 5HSRUW�.�������.RGLDN�
.LUN�� -�7�2�� ������ /LJKW� DQG� SKRWRV\QWKHVLV� LQ� DTXDWLF� V\VWHPV�� &DPEULGJH� 8QLYHUVLW\� 3UHVV�&DPEULGJH��8QLWHG�.LQJGRP�
.5$$ �.RGLDN� 5HJLRQDO� $TXDFXOWXUH� $VVRFLDWLRQ��� ������ .LWRL� %D\� +DWFKHU\� %DVLF0DQDJHPHQW�3ODQ�� ������$ODVND�'HSDUWPHQW� RI� )LVK� DQG�*DPH��&RPPHUFLDO� )LVKHULHV0DQDJHPHQW�DQG�'HYHORSPHQW�'LYLVLRQ��.RGLDN�
.537��.RGLDN�5HJLRQDO�3ODQQLQJ�7HDP���������.RGLDN�5HJLRQDO�&RPSUHKHQVLYH�6DOPRQ�3ODQ������ ����� $ODVND 'HSW��RI�)LVK�DQG�*DPH��2IILFH�RI�WKH�&RPPLVVLRQHU��-XQHDX�
.537��.RGLDN�5HJLRQDO�3ODQQLQJ�7HDP���������.RGLDN�5HJLRQDO�&RPSUHKHQVLYH�6DOPRQ�3ODQ����������� 3KDVH� ,,� 5HYLVLRQ�� $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 2IILFH� RI� WKH&RPPLVVLRQHU��-XQHDX�
.RHQLQJV�� -�3��� -�$�� (GPXQGVRQ�� *�%�� .\OH�� DQG� -�0�� (GPXQGVRQ�� ������ /LPQRORJ\� ILHOG� DQGODERUDWRU\�PDQXDO��0HWKRGV� IRU�DVVHVVLQJ�DTXDWLF�SURGXFWLRQ��$ODVND�'HSDUWPHQW�RI�)LVKDQG�*DPH��)5('�'LYLVLRQ�5HSRUW�6HULHV�����-XQHDX�
.RHQLQJV�� -�� 3��� DQG� 5�� '�� %XUNHWW�� ������ 3RSXODWLRQ� FKDUDFWHULVWLFV� RI� VRFNH\H� VDOPRQ�2QFRUK\QFKXV� QHUND� VPROWV� UHODWLYH� WR� WHPSHUDWXUH� UHJLPHV�� HXSKRWLF� YROXPH�� IU\GHQVLW\�� DQG� IRUDJH� EDVH� ZLWKLQ� $ODVNDQ� ODNHV�� 3DJHV� ���±���� LQ� +�� '�� 6PLWK�� /�0DUJROLV�� DQG�&�� &��:RRG�� HGLWRUV�� 6RFNH\H� VDOPRQ� �2QFRUK\QFKXV� QHUND�� SRSXODWLRQELRORJ\�DQG�IXWXUH�PDQDJHPHQW��&DQDGLDQ�6SHFLDO�3XEOLFDWLRQ�RI�)LVKHULHV�DQG�$TXDWLF6FLHQFHV����
.RHQLQJV�� -�� 3��� DQG�5��'��%XUNHWW�� ������ /LPQRORJLFDO� WUHQGV� DW�.DUOXN� /DNH��$ODVND� GXULQJ���������� $ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�)LVKHULHV�5HKDELOLWDWLRQ�(QKDQFHPHQW� DQG� 'HYHORSPHQW�� )HGHUDO� $LG� LQ� WKH� $QDGURPRXV� )LVK� &RQVHUYDWLRQ$QQXDO�5HSRUW��-XQHDX�
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.RHQLQJV�� -�� 3��� DQG� *�� %�� .\OH�� ������ &RQVHTXHQFHV� WR� MXYHQLOH� VRFNH\H� VDOPRQ� DQG� WKH]RRSODQNWRQ� FRPPXQLW\� UHVXOWLQJ� IURP� LQWHQVH� SUHGDWLRQ�� $ODVND� )LVKHU\� 5HVHDUFK%XOOHWLQ��������������

.\OH�� *�� %�� ������ 6XPPDU\� RI� DFRXVWLFDOO\�GHULYHG� SRSXODWLRQ� HVWLPDWHV� DQG� GLVWULEXWLRQV� RIMXYHQLOH�VRFNH\H�VDOPRQ��2QFRUK\QFKXV�QHUND� LQ����QXUVHU\�ODNHV�RI�VRXWK�FHQWUDO�$ODVND������������$ODVND�'HSW��RI�)LVK�DQG�*DPH��)5('�'LYLVLRQ�5HSRUW�1R�������-XQHDX�

.\OH��*�%�� ������1XWULHQW� WUHDWPHQW� RI� WKUHH� FRDVWDO�$ODVNDQ� ODNHV�� WURSKLF� OHYHO� UHVSRQVHV� DQGVRFNH\H�VDOPRQ�SURGXFWLRQ�WUHQGV��$ODVND�)LVKHU\�5HVHDUFK�%XOOHWLQ��������������

.\OH��*�%���-�3��.RHQLQJV��DQG�%�0��%DUUHWW��������'HQVLW\�GHSHQGHQW��WURSKLF�OHYHO�UHVSRQVHV�WR�DQLQWURGXFHG� UXQ� RI� VRFNH\H� VDOPRQ� �2QFRUK\QFKXV� QHUND� DW� )UD]HU� /DNH��.RGLDN� ,VODQG�$ODVND��&DQ��-��)LVK��$TXDW��6FLHQFH����������

.\OH�� *�%�� DQG� 6�*�� +RQQROG�� ������ /LPQRORJLFDO� DQG� ILVKHULHV� HYDOXDWLRQ� RI� VRFNH\H� VDOPRQSURGXFWLRQ� �2QFRUK\QFKXV� QHUND� LQ� 0DOLQD� /DNHV� IRU� ILVKHULHV� GHYHORSPHQW�� $ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��5HJLRQDO�,QIRUPDWLRQ�5HSRUW������.RGLDN�
0F&XOORXJK��-�1���'�$UR��DQG�6�*��+RQQROG������D��.LWRL�%D\�+DWFKHU\�DQQXDO�PDQDJHPHQW�SODQ�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
0F&XOORXJK�� -�1��� &�� &OHYHQJHU�� 6�*�� +RQQROG�� DQG� 6�7�� 6FKURI�� ����E�� 3LOODU� &UHHN�+DWFKHU\DQQXDO� PDQDJHPHQW� SODQ�� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
0F&XOORXJK��-�1��DQG�$�:��$UR��������.LWRL�%D\�+DWFKHU\�DQQXDO�PDQDJHPHQW�SODQ��������$ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ5HSRUW��.�������.RGLDN�
0F&XOORXJK��-�1���&��&OHYHQJHU��DQG�6�7��6FKURI��������3LOODU�&UHHN�+DWFKHU\�DQQXDO�PDQDJHPHQWSODQ�� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�5HJLRQDO�,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
0F&XOORXJK��-�1��DQG�$�:��$UR��������.LWRL�%D\�+DWFKHU\�DQQXDO�PDQDJHPHQW�SODQ��������$ODVND'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ5HSRUW��.�������.RGLDN�
0F&XOORXJK��-�1���DQG�&��&OHYHQJHU��������3LOODU�&UHHN�+DWFKHU\�DQQXDO�PDQDJHPHQW�SODQ�������$ODVND 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO,QIRUPDWLRQ�5HSRUW��.�������.RGLDN�
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0F'DQLHO��7��5��������(YDOXDWLRQ�RI�SLQN�VDOPRQ��2QFRUK\QFKXV�JRUEXVFKD� IU\ SODQWV�DW�6HDO%D\�FUHHN��$IRJQDN�,VODQG��$ODVND��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH�,QIRUPDWLRQDO/HDIOHW�1R���������S�
0HHKDQ�� :�5�� ������ *URZWK� DQG� VXUYLYDO� RI� VRFNH\H� VDOPRQ� LQWURGXFHG� LQWR� 5XWK� /DNH� DIWHUUHPRYDO�RI�UHVLGHQW�ILVK�SRSXODWLRQV��8�6��'HSW��RI� WKH�,QWHULRU��)LVK�DQG�:LOGOLIH�6HUYLFH�%XUHDX�RI�&RPPHUFLDO�)LVKHULHV��6SHFLDO�6FLHQWLILF�5HSRUW�)LVKHULHV�1R�������:DVKLQJWRQ�'�&�����S�
1HOVRQ��3�$��������$Q�HVWLPDWH�RI�6SLULGRQ�/DNH�VRFNH\H�VDOPRQ�FRPPHUFLDOO\�KDUYHVWHG�ZLWKLQWKH�VRXWKZHVW�$IRJQDN�6HFWLRQ�DQG�WKH�QRUWKZHVW�.RGLDN�'LVWULFWV��������$ODVND�'HSW��RI)LVK DQG *DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO� ,QIRUPDWLRQ�5HSRUW��.������ .RGLDN�
1HOVRQ��3�$��DQG�'�6��/OR\G��������(VFDSHPHQW�JRDOV�IRU�SDFLILF�VDOPRQ�LQ�WKH�.RGLDN��&KLJQLN�DQG�$ODVND�3HQLQVXOD��$OHXWLDQ�,VODQGV�$UHDV�RI�$ODVND��$ODVND�'HSDUWPHQW�RI�)LVK�DQG*DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO� ,QIRUPDWLRQ� 5HSRUW� 1R�� �.������.RGLDN�
1HOVRQ��3�5��DQG�:�7��(GPRQGVRQ��������/LPQRORJLFDO�HIIHFWV�RI�IHUWLOL]LQJ�%DUH�/DNH��$ODVND�8� 6��)LVK�DQG�:LOGOLIH�6HUY���)LVK��%XOO�������������
3HQQDN��5�:��������)UHVK�ZDWHU� LQYHUWHEUDWHV�RI� WKH�8QLWHG�6WDWHV���QG�(GLWLRQ��-RKQ�:LOH\�DQG6RQV��1HZ�<RUN������S�
5DZVRQ��.��������$Q�HVWLPDWH�RI� WKH�VL]H�RI�D�PLJUDWLQJ�SRSXODWLRQ�RI� MXYHQLOH�VDOPRQ�XVLQJ�DQLQGH[�RI� WUDS�HIILFLHQF\�REWDLQHG�E\�G\H�PDUNLQJ��$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH�)5('�'LYLVLRQ�5HSRUW�6HULHV�1XPEHU�����-XQHDX��$ODVND�����S�
5RSSHO�� 3�� ������ $ODVND¶V� VDOPRQ� KDWFKHULHV�� ����� �� ������ $ODVND� +LVWRULFDO� &RPPLVVLRQ�6WXGLHV�LQ�+LVWRU\�1R�����
5RSSHO��3��������6DOPRQ�IURP�.RGLDN��D�KLVWRU\�RI�WKH�VDOPRQ�ILVKHU\�RI�.RGLDN�,VODQG��$ODVND�$ODVND +LVWRULF�&RPPLVVLRQ��6WXGLHV�LQ�+LVWRU\�1R�������$QFKRUDJH�
6DJDONLQ��1��������)UD]HU�/DNH�)LVK�3DVV�6RFNH\H�6DOPRQ�6PROW�DQG�$GXOW�5HVHDUFK�������DQG����� $ODVND� 'HSW�� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI� &RPPHUFLDO� )LVKHULHV�� 5HJLRQDO,QIRUPDWLRQ�5HSRUW�1R���.�������.RGLDN�
6DJDONLQ��1�� ,Q 3UHVV� $ VRFNH\H� VDOPRQ� HVFDSHPHQW� JRDO� HYDOXDWLRQ� IRU� )UD]HU� /DNH��$ODVND'HSW��RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�.RGLDN�
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6FKPLGW�� '�&��� 6�5�� &DUOVRQ�� *�%�� .\OH�� DQG� %�3�� )LQQH\�� ������ ,QIOXHQFH� RI� FDUFDVV�GHULYHGQXWULHQWV� RQ� VRFNH\H� VDOPRQ� SURGXFWLYLW\� RI� .DUOXN� /DNH�� $ODVND�� ,PSRUWDQFH� LQ� WKHDVVHVVPHQW�RI�DQ�HVFDSHPHQW�JRDO��1RUWK�$PHULFDQ�-RXUQDO�RI�)LVK��0JPW�������������
6FKURI� 6�7��� 6�*�� +RQQROG�� &�-�� +LFNV� DQG� -�$�� :DGOH�� ������ $� VXPPDU\� RI� VDOPRQHQKDQFHPHQW�� UHKDELOLWDWLRQ�� HYDOXDWLRQ�� DQG�PRQLWRULQJ� HIIRUWV� FRQGXFWHG� LQ� WKH�.RGLDNPDQDJHPHQW� DUHD� WKURXJK� ������ $ODVND� 'HSDUWPHQW� RI� )LVK� DQG� *DPH�� 'LYLVLRQ� RI&RPPHUFLDO�)LVKHULHV��5HJLRQDO�,QIRUPDWLRQ�5HSRUW�1R���.�������.RGLDN�
6WULFNODQG��-�'�+��DQG�7�5��3DUVRQV��������$�SUDFWLFDO�KDQGERRN�RI�VHDZDWHU�DQDO\VLV��%XOO��)LVK�5HV��%RDUG�&DQ����������S�
6ZDQWRQ�� &�� 2��� %�� 0�� %DUUHWW�� DQG� 3�� $�� 1HOVRQ�� ������ 6RFNH\H� VPROW� SRSXODWLRQ� HVWLPDWHV�RXWPLJUDWLRQ� WLPLQJ�� DQG� VL]H� DW� DJH� FKDUDFWHULVWLFV� IRU� 5HG�� $NDOXUD�� DQG� )UD]HU� /DNHV�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW���.�������.RGLDN�
6ZDQWRQ�� &�� 2��� 3�� $�� 1HOVRQ�� DQG� /�� *�� &RJJLQV�� ������ 6RFNH\H� VPROW� SRSXODWLRQ� HVWLPDWHV�RXWPLJUDWLRQ� WLPLQJ�� DQG� VL]H� DW� DJH� FKDUDFWHULVWLFV� IRU� 5HG�� $NDOXUD�� DQG� )UD]HU� /DNHV�������$ODVND�'HSDUWPHQW�RI�)LVK�DQG�*DPH��'LYLVLRQ�RI�&RPPHUFLDO�)LVKHULHV��5HJLRQDO,QIRUPDWLRQ�5HSRUW���.��������.RGLDN�
7KRUQH��5��(��������+\GURDFRXVWLFV��&KDSWHU����� ,Q�/��1LHOVRQ�DQG�'�� -RKQVRQ�^HGV�`��)LVKHULHVWHFKQLTXHV��$PHU��)LVK��6RF��%HWKVGD��0DU\ODQG�
7KRUQH��5�(��DQG�*�/��7KRPDV��������+\GURDFRXVWLF�PHDVXUHPHQWV�RI�WKH�GHQVLW\�DQG�GLVWULEXWLRQRI� MXYHQLOH� VRFNH\H� VDOPRQ� LQ� 7XVWXPHQD� /DNH��$ODVND�� GXULQJ� ������ )LVKHULHV� 5HVHDUFK,QVWLWXWH�� 8QLYHUVLW\� RI� :DVKLQJWRQ�� )LQDO� UHSRUW� WR� WKH� 8�6�� )LVK� DQG� :LOGOLIH� 6HUYLFH�&RQWUDFW�1R�������������������������S�
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Table 1. Geographic location and morphometric parameters for Kodiak and Afognak
Island area lakes.

-Continued-

Surface Mean Maximum
Latitude Longitude Area Depth Depth Volume

Lake (N) (W) (km2) (m) (m) (km3)
Kodiak Island

Akalura 57o 11.2' 154o 13.2' 4.9 9.9 22.0 48.0

Barabara 57o 48.8' 152o 57.1' 1.4 3.1 11.6 4.4

Buskin 57o 46.7' 152o 32.9' 1.1 10.4 16.8 11.6

Crescent 57o 51.7' 152o 58.1' 0.6 10.3 35.4 6.2
Dry Spruce 57o 53.7' 152o 59.4' 0.6 8.0 26.0 4.9

Frazer 57o 15.0' 154o 08.0' 16.6 33.2 58.9 551

Goat 57o 27.3' 153o 02.4' 0.7 13.2 25.2 8.9

Horse Marine 57o 07.3' 153o 54.7' 0.9 12.2 28.7 11.0

Karluk 57o 21.8' 154o 02.9' 39.4 48.6 126.0 1,920

Little River 57o 46.4' 153o 39.3' 1.4 12.7 18.2 17.4

Miam 57o 29.8' 152o 34.8' 0.6 3.8 7.0 2.5

Mush 57o 40.8' 153o 26.9' 0.3 10.3 13.4 3.1

Red 57o 14.8' 154o 1.5' 8.4 24.7 45.0 208

Rose Tead 57o 29.1' 152o 27.8' 0.9 2.0 5.2 1.8

Saltery 57o 32.4' 152o 45.8' 1.1 21.0 36.0 22.0
Sitkalidak 57o 07.0' 153o 11.9' naa naa naa naa

Spiridon 57o 43.3' 153o 41.1' 9.2 34.7 82.0 318

Summit 57o 32.5' 152o 32.1' 0.3 6.0 13.4 1.6

Uganik 57o 39.8' 152o 19.4' 0.8 17.2 79.0 13.0

Upper Station - Upper 57o 03.8' 154o 12.2' 7.9 26.2 70.0 208

                         - Lower 57o 03.3' 154o 18.2' naa naa 2.0 naa

Uyak 57o 35.1' 154o 00.1' 0.4 6.6 11.0 2.8
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Table 1  (page 2 of  2)

Area lakes in bold were enhanced, rehabilitated, or monitored in 2001.
a  na indicates data are not available.

Surface Mean Maximum
Latitude Longitude Area Depth Depth Volume

Lake (N) (W) (km2) (m) (m) (km3)
Afognak Island

Afognak 58o 06.4' 152o 55.5' 5.3 8.6 23.0 46.0
Big Waterfall 58o 24.0' 152o 35.3' 0.3 5.8 15.0 1.6
Big Kitoi 58o 11.0' 152o 23.4' naa naa 38.1 naa

Gretchen 58o 17.9' 152o 14.7' 0.3 4.5 15.2 1.4

Hidden 58o 22.2' 152o 42.5' 1.9 10.8 42.0 20.6

Jennifer - Upper 58o 11.7' 152o 17.8' 0.4 10.6 26.0 4.1

               - Lower 58o 11.3' 152o 17.8' 0.2 9.8 26.0 1.7
Little Kitoi 58o 12.1' 152o 22.1' 0.4 11.1 24.4 4.8
Little Afognak 58o 08.9' 152o 24.3' 1.4 5.8 28.0 8.1

Little Waterfall 58o 21.0' 152o 32.5' 1.0 6.8 18.3 6.7
Laura 58o 21.3' 152o 18.2' 4.2 12.0 39.0 50.5

Malina - Upper 58o 09.5' 153o 05.1' 1.2 15.3 33.5 18.4

            - Lower 58o 09.5' 153o 08.1' 0.7 6.9 15.0 4.6
Pillar 58o 11.0' 152o 08.7' 0.4 4.8 27.0 2.1
Paul's 58o 22.8' 152o 19.8' 0.6 11.4 21.3 6.9

Portage 58o 16.3' 152o 25.9' 1.7 7.6 22.8 13.0
Red Fox 58o 25.4' 152o 35.5' 0.3 5.8 21.3 1.7

Ruth 58o 11.7' 152o 17.9' 0.2 7.1 17.1 1.1
Sorg 58o 08.2' 152o 20.3' 0.5 7.3 19.0 3.6

Thorsheim 58o 14.6' 152o 49.0' 0.5 5.1 12.4 2.5
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Table 2. Kodiak Management Area salmon stocking numbers by stocking location, species, life stage, date, and size at
stocking, 2001.

-Continued-

Stocking Species b      SMOLT c FRY c FINGERLING c PRESMOLT c

 Location a (BY99) (BY2000) (BY2000) (BY2000) Totals
Big Kitoi Bay Chum Number 20,032,140 20,032,140

Date / Size 23-May / 1.7 g

Big Kitoi Bay Coho Number 936,913 936,913
Date / Size 1-June / 20.8 g

Big Kitoi Bay Pink Number 134,823,670 134,823,670
Date / Size 23-May / 0.7 g

Crescent Lake Coho Number 165,000 165,000
Date / Size 22-June / 0.9 g

Crescent Lake Sockeye Number 218,000 113,500 331,500
Date / Size 26-July / 4.5 g 2-Oct / 14 g       

Hidden Lake Sockeye Number 66,500 249,000 315,500
Date / Size 25-May / 0.8 g 5-Oct / 13.5 g

Jennifer Lake Coho Number 120,000 120,000
Date / Size 22-June / 0.9 g

Katmai Lake Coho Number 15,000 15,000
Date / Size 1-Nov / 8.4 g

Little Kitoi Lake Sockeye Number 282,089 282,089
Date / Size 1-5 Oct / 9.5 g

Little Waterfall Sockeye Number 36,000 274,000 310,000
Lake Date / Size 25-May / 0.8 g 5-Oct / 12 g

Big Waterfall Sockeye Number 50,800 173,500 224,300
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Table 2.  (page 2 of 2)

Stocking Species b      SMOLT c FRY c FINGERLING c PRESMOLT c

 Location a (BY99) (BY2000) (BY2000) (BY2000) Totals
Lake Date / Size 25-May / 0.8 g 2-Oct / 15 g

Spiridon Lake Sockeye Number 1,700,600 1,700,600
Date / Size 16-21 June / 0.8 g

Pillar Creek Sockeye Totals 0 0 2,071,900 810,000 2,881,900
Kitoi Bay Sockeye Totals 0 0 0 282,089 282,089
KMA Sockeye Totals 0 0 2,071,900 1,092,089 3,163,989

Kitoi Bay Coho Totals 936,913 300,000 0 0 1,236,913
KMA Coho Totals 936,913 300,000 0 0 1,236,913

Kitoi Bay Chum Totals 0 20,032,140 0 0 20,032,140

Kitoi Bay Pink Totals 0 134,823,670 0 0 134,823,670

Pillar Creek Totals 0 0 2,071,900 1,092,089 3,163,989
Kitoi Bay Totals 936,913 155,155,810 0 0 156,092,723
KMA Totals 936,913 155,155,810 2,071,900 1,092,089 159,256,712

a Incubation and rearing facility: PC Pillar Creek Hatchery; KB Kitoi Bay Hatchery (see b above)
b Brood stocks (Timing):
  Afognak Lake sockeye (June) - Afognak, Crescent, Hidden, Big and Little Waterfall Lakes – PC
  Big Kitoi Creek chum  (June) - Big Kitoi Bay – KB
  Big Kitoi Creek coho (August) - Big Kitoi Bay, Crescent Lake, Jennifer, Katmai, Ruth Lakes – KB
  Big Kitoi Creek pink (July/August) - Big Kitoi Bay – KB
  Buskin Lake coho (August/September) - Kodiak Road System Lakes – PC
  Saltery Lake sockeye (July) - Little Kitoi Lake – KB
c Fry are released from April to July at up to 200% of emergent size (normally  0.15 to 0.5 g depending on the stock).
  Fingerling are released from June to September at a size of >200%  to <2100% of emergent size (normally 0.3 to 5.25 g
  depending on the stock). Pre-smolt are released from August to November at a size of >2100% of emergent size but not
  yet at the physiological stage of smolting (normally 5 to 13 g ).
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Table 3. Amount of Phosphorous enriched fertilizer applied and nutrient status of the five
study lakes in 2001.

na - data not available
Note: Values for total phosphorus (TP), end of year TP (TPeoy), total nitrogen (TN),

nitrogen to phosphorus ratio (N:P), and chlorophyll (CHL) levels are means derived
from the 1-m stratum, May-October, 2001.

Lake 20-5-0 TP TPeoy TN N:P CHL

(kg.) (mg L-1) (mg L-1) (mg L-1) (molar ratio) (mg L-1)

Laura 12,106.0 5.7 7.7 221.3 86.0 2.6

Little Kitoi 3,182.0 na na na na na

Malina, Lower 2,587.0 10.2 10.0 327.2 71.0 1.8

Malina, Upper 4,996.0 9.7 6.2 211 48.0 1.7

Waterfall 5,378.0 10.2 6.2 209 45.0 1.8
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Table 4. Barrier height, bypass length, bypass slope, bypass grade, and affected salmon species for Kodiak Island operational
barrier bypasses.

a Length to height.
b Total length composed of two or three bypasses.
c Lower section originally 26%, upper section 28%; modified in 1995 so both sections are 17% and additional lower section added

at 20% grade.

System Geographic   Barrier Barrier Bypass Affected Salmon

Location Height (m) Length (m) Slope a Grade (%) Species

Frazer River  57o13' N, 154o04' W 10.0 60.0 6:1 22 Sockeye, Chinook, Pink, Chum

Gretchen Creek 58o23' N, 152o18' W 2.4 9.1 4:1 25 Coho and Sockeye

Laura Creek 58o21' N, 152o18' W 5.5 27.4 b 5:1 20 Coho and Sockeye

Little Kitoi Lake 58o12' N, 152o22' W 1.8 12.2 7:1 14 Pink, Coho, Sockeye

Little Waterfall Creek 58o22' N, 152o33' W 1.8 9.1 5:1 20 Pink and Coho

2.4 12.2 5:1 20 Pink and Coho

7.3 31.9 b 4.4:1 c Pink and Coho

Portage Creek 58o16' N, 152o25' W 1.8 15.2 8:1 13 Pink, Coho, Sockeye

Seal Bay Creek 58o 33' N, 152o 22' W 2.0 9.1 4.6:1 16.5 Pink and Coho
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Table 5. Description and location of the terminal harvest and special harvest areas in the Kodiak Management Area, 2001.

THA - Terminal Harvest Area
SHA - Special Harvest Area

Project Harvest Area
Lake Location  Designation Boundaries

Big Kitoi 
Creek and 
Little Kitoi 

Lake

Kitoi Bay Kitoi Bay 
SHA

all waters northwest of a line from the regulatory markers located at the entrance to Kitoi 
Bay commonly known as " The Jaws" to the terminus of Big and Little Kitoi Creeks 
(streams #252-323 and #252-324).

Crescent Settler 
Cove

Settler Cove 
THA

all waters of Settler Cove west of 152o 50.80' W Long.

Hidden Foul Bay Foul Bay THA all waters of Foul Bay east of 152o 47.20' W Long. to the terminus of Hidden Creek 
(stream #251-406). 

Little & Big 
Waterfall

Waterfall 
Bay

Waterfall Bay 
THA

all waters seaward of the stream terminus of stream nos. 251-821 and 251-822 to a 

straight line extending northwesterly from 58o 24.15' N lat., 152o 28.23' W long. To 56o 

25.60' N lat., 152o 30.80' W long.

Malina Malina 
Cove

Malina Creek 
THA

all marine waters within 0.7 nautical miles of the stream terminus of Malina Creek (stream 

#251-105) located at 153o 12.95' W Long., 58o 10.42' N Lat. 

Spiridon Telrod 
Cove

Spiridon Lake 
THA

all waters of Telrod Cove north of a line extending from Stream Point 57o 39.00' N Lat., 

153o 38.50' W Long. to 57o 38.80' N Lat., 153o 37.60' W Long.
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Table 6. Kodiak area lakes assessed or monitored for limnology data, by category,
2001.

a F = Fertilization - sampling scheduled every six weeks
S = Stocking - sampling scheduled every six weeks
BS = Broodstock - sampling scheduled every six weeks
PF = Post fertilization - sampling scheduled every six weeks
EA = Environmental assessment - sampling scheduled every four weeks
M = Monitoring - sampling scheduled every six weeks

b Temperature, dissolved oxygen, secchi depth, and light penetration data were
collected at each station, except for Frazer Lake.

Project Sampling b  

Lake Category a Stations Water Zooplankton

Afognak F, BS 1 5 5

Big Waterfall S 1 3 3

Crescent S 1 0 4

Frazer PF 2 0 10

Hidden S,EA 1 5 5

Jennifer - upper M 1 0 4
              - lower M 1 0 3

Karluk M 1 0 5

Laura F, BS 1 5 5

Little Kitoi F, BS 1 5 5

Little Waterfall F, S 1 4 4

Malina - lower F 1 5 5
            - upper F, S 1 5 5

Ruth M 1 0 4

Saltery BS, M 1 0 4

Spiridon S, EA 2 10 10

Total 47 81
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Table 7. Average light extinction coefficient (Kd), euphotic zone depth (EZD), and
secchi disk (SD) transparency for Kodiak and Afognak Island regional lakes,
2001.

nd - standard deviation was not determined, due to only one sample.

Station Kd EZD SD

Lake Number  (m-1) std. dev.  (m) std. dev. (m) std. dev.

Afognak 1 0.460 0.087 10.87 3.24 3.95 1.14

Crescent 1 0.279 0.038 15.42 2.39 5.78 1.02

Frazer 1 0.152 nd 29.31 nd 6.00 nd

Hidden 1 0.400 0.079 11.48 2.75 5.18 0.45

Karluk 3 0.223 0.064 20.42 7.24 6.40 2.16

Upper Jennifer 1 0.506 0.292 10.08 4.25 7.22 1.43

Lower Jennifer 1 0.552 0.147 8.46 2.29 5.58 0.76

Laura 1 0.635 0.211 7.26 1.91 2.45 1.02

Little Kitoi 1 0.730 0.490 7.72 3.24 3.58 0.52

Big Waterfall 1 0.356 0.221 11.29 4.58 5.25 2.22

Little Waterfall 1 1.007 0.152 8.88 2.65 3.85 1.04

Lower Malina 1 0.306 0.024 14.86 1.30 4.85 1.04

Upper Malina 1 0.397 0.066 11.26 1.57 3.60 1.14

Ruth 1 0.561 0.192 8.93 3.20 4.56 1.21

Saltery 1 0.299 0.069 15.43 2.88 4.38 0.32

Spiridon 1 0.162 0.021 26.68 2.70 10.50 3.23
2 0.166 0.028 26.54 3.11 9.56 2.35
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Table 8. Temperatures (°C) measured at the 1-meter and near bottom stratas in the
spring (May-June), summer (July-August), and fall (September-October) for
Kodiak area lakes, 2001.

nc - Temperature was not measured.
Note: If more than one measurement was obtained for a time period, the concentrations

were averaged.

  
Spring Summer Fall

Lake Station Surface Bottom Surface Bottom Surface Bottom

Afognak 1 9.1 7.2 17.1 10.7 12.9 12.5

Crescent 1 4.4 4.2 17.6 6.7 11.6 6.8

Frazer 1 nc nc nc nc 11.2 6.7

Hidden 1 9.5 4.6 15.7 5.4 11.8 5.4

L. Jennifer 1 9.6 4.7 17.8 4.7 nc nc

U. Jennifer 1 9.6 4.5 17.9 4.6 12.4 4.4

Karluk 1 8.2 4.2 12.6 4.7 11.5 4.9

L. Kitoi 1 13.4 5.1 17.4 5.1 12.5 4.7

Laura 1 10.8 4.7 16.7 5.2 12.1 5.1

L. Malina 1 9.2 8 16.1 15.2 11.3 11.2

U. Malina 1 7.2 4.7 15.8 6.0 11.2 6.2

Ruth 1 10.4 5 18.0 5.1 12.5 5.2

Saltery 1 8.2 6.0 13.4 6.5 10.8 6.6

Spiridon 1 6.3 3.1 14.1 4.1 11.1 4.3
2 5.8 3.3 14.5 4.1 11.3 4.3

B. Waterfall 1 14.0 4.8 17.1 5.6 9.8 5.9

L. Waterfall 1 11.1 6.9 15.7 10.2 10.9 10.4
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Table 9. Dissolved oxygen concentrations (mg L-1) measured at the 1-meter and near
bottom strata in the spring (May-June), summer (July-August), and fall
(September-October) for the Kodiak area lakes, 2001.

nc - Dissolved oxygen levels were not measured.
Note: If more than one measurement was obtained for a time period, the concentrations

were averaged.

Spring Summer Fall
Lake Station Surface Bottom Surface Bottom Surface Bottom

Afognak 1 9.7 7.2 9.3 5.3 9.0 8.1

Crescent 1 9.4 10.1 9.0 10.2 10.5 9.1

Frazer 1 nc nc nc nc 10.4 9.9

Hidden 1 10.5 12.4 9.7 12.0 10.0 10.3

L. Jennifer 1 11.5 10.7 9.3 9.2 nc nc

U. Jennifer 1 10.4 10.7 9.4 11.0 10.0 8.1

Karluk 1 12.3 12.9 10.1 11.5 9.2 8.1

L. Kitoi 1 10 10.1 9.5 9.0 9.8 4.4

Laura 1 8.6 10.6 8.3 9.9 nc 8.8

L. Malina 1 10.9 11.0 9.7 8.8 9.8 9.1

U. Malina 1 10.3 11.0 9.6 9.0 8.9 3.7

Ruth 1 10.8 10.4 9.4 7.4 10.7 2.8

Saltery 1 10.6 10.6 9.5 7.5 10.3 5.3

Spiridon 1 10.6 12.2 10.1 14.1 9.9 12.2
2 11.1 12.3 10.2 14.1 10.3 12.7

B. Waterfall 1 9.5 11.2 9.1 9.5 9.9 7.1

L. Waterfall 1 10.6 11.3 9.5 9.2 10.0 9.5
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Table 10. Summary of seasonal mean water chemistry, nutrient, and algal pigment concentrations by station and depth for lakes
sampled in the Kodiak Management Area, 2001.

SD - standard deviation
nc - not calculated

Total filter-   Filterable Total Kjel- Chloro- Phaeo-
Sta Depth pH Alkalinity Total-P able-P reactive-P dahl nitrogen   Ammonia  nitrite phyll a phytin a

Lake tion (m) (Units) SD (mg L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD

Afognak 1 1 7.2 0.4 10.1 2.3 7.8 5.1 6.4 5.2 8.2 6.7 114.5 22.2 4.6 3.6 60.6 67.2 2.40 0.5 0.30 0.2

B. Waterfall 1 1 7.5 0.1 18.3 6.4 6.8 4.0 3.1 2.5 2.6 1.9 81.3 nc 2.7 1.4 6.7 9.9 0.65 0.53 0.10 0.1

Hidden 1 1 7.2 0.1 8.1 1.5 5.1 1.8 4.1 2.6 3.3 3.7 99.5 19.7 5.5 4.4 35.5 25.5 0.64 0.2 0.30 0.3

Laura 1 1 7.5 0.4 9.6 1.5 10.9 1.1 5.8 2.6 4.4 3.7 217.0 144.0 6.6 6.4 3.8 3.8 5.83 4.9 0.94 0.6

L. Kitoi 1 1 7.7 0.1 24.0 4.4 13.3 4.6 4.6 2.5 3.7 3.4 201.6 67.9 5.3 4.3 7.6 14.8 2.88 1.7 0.53 0.2

L. Malina 1 1 7.4 0.4 17.6 5.5 9.5 5.7 3.9 2.8 3.7 3.6 131.2 75.0 6.6 4.6 130.9 45.1 2.19 0.7 0.36 0.3

L.Waterfall 1 1 7.4 0.1 13.4 3.9 11.5 6.6 4.3 2.1 4.4 5.0 84.5 41.4 4.4 1.6 20.1 24.0 1.15 0.4 0.73 0.4

U. Malina 2 1 7.5 0.6 18.0 3.7 11.9 5.7 6.4 2.8 6.6 6.4 120.2 52.9 3.9 2.9 93.3 93.2 4.00 2.0 0.90 0.6

Spiridon 1 1 7.5 0.4 19.3 4.1 4.9 3.3 3.5 2.1 1.9 2.0 101.2 8.0 4.6 4.7 193.8 6.7 0.60 0.3 0.20 0.2
2 1 7.5 0.4 19.4 3.8 6.7 5.1 3.5 3.3 2.7 3.5 nc nc 2.1 1.3 189.2 7.3 0.60 0.1 0.30 0.3
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Table 11. Summary of the cladoceran and copepod compositions in Kodiak area
project lakes, 2001.

         Cladoceran             Copepod
density composition density composition Cladoceran to

Lake Station (no.m-2) (%) (no.m-2) (%) Copepod ratio

Afognak 1 22,327 52.3 20,396 47.7 1.09

Crescent 1 40,289 51.5 37,960 48.5 1.06

Frazer 1 71,079 84.2 13,288 15.8 5.35
88,772 82.2 19,238 17.8 4.61

Hidden 1 20,740 68.1 9,710 31.9 2.14

L. Jennifer 1 25,478 21.1 95,364 78.9 0.27

U. Jennifer 1 80,165 48.7 84,395 51.3 0.95

Laura 1 79,843 82.0 17,556 18.0 4.55

L. Kitoi 1 69,209 85.5 11,776 14.5 5.88

Karluk 1 52,096 21.5 190,658 78.5 0.27

L. Waterfall 1 143,748 96.4 5,426 3.6 26.49

B. Waterfall 1 67,338 98.1 1,302 1.9 51.72

Malina - lower 1 10,591 93.9 685 6.1 15.46

Malina - upper 1 40,180 66.9 19,883 33.1 2.02

Ruth 1 132,718 98.9 1,468 1.1 90.41

Saltery 1 1,725 18.2 7,738 81.8 0.22

Spiridon 1 43,649 54.5 36,382 45.5 1.20
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Table 12. Weighted mean zooplankton density, biomass, and size by genera for Kodiak area project lakes, 2001.

Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium
Sta of Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size

Lake tion Samples (no/m2) (mg/m2) (mm) (no/m2) (mg/m2 ) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2 ) (mg/m2) (mm) (no/m2) (mg/m2) (mm)

Afognak 1 5 15,061 33.0 1.05 1,274 2.8 0.79 4,061 5.1 0.72 20,382 16.3 0.31 626 0.6 0.57 1,319 2.0 0.46

Crescent 1 4 1,145 5.1 1.00 1,219 6.7 1.09 35,596 77.5 0.91 19,365 27.4 0.44 9,977 22.6 0.73 10,947 48.6 0.77

Frazer 1 5 0 0.0 0.00 0 0.0 0.00 13,288 13.0 0.82 41,961 58.0 0.42 29,118 91.0 0.61 0 0.0 0.00
3 5 32 0.0 1.28 0 0.0 0.00 19,206 26.0 0.98 69,159 115.0 0.46 19,613 26.0 0.61 0 0.0 0.00

Hidden 1 5 3,510 14.7 0.98 0 0.0 0.00 6,200 19.4 1.01 10,230 22.5 0.48 799 2.3 0.91 9,711 24.4 0.55

L. Jennifer 1 4 2,300 6.6 0.85 12,562 67.5 1.08 80,502 163.8 0.88 16,985 36.6 0.48 6,458 18.7 0.90 2,035 9.1 0.65

U. Jennifer 1 3 1,393 4.1 0.86 10,400 67.8 1.15 72,602 158.6 0.86 55,384 128.9 0.56 17,864 59.0 0.94 6,917 47.0 0.81

Laura 1 5 53 0.0 0.55 0 0.0 0.00 17,503 59.3 1.03 46,749 41.1 0.32 29,717 37.2 0.59 3,377 4.6 0.46

L. Kitoi 1 5 425 1.1 0.85 159 0.6 1.01 11,192 12.6 0.71 23,628 24.5 0.34 45,165 53.8 0.56 416 0.7 0.46

Karluk 3 5 5,281 4.7 0.56 5,706 24.1 0.99 179,671 264.4 0.91 28,238 34.1 0.37 23,646 34.7 0.68 212 0.2 0.35

L. Waterfall 1 5 3,179 10.9 0.91 64 0.3 1.04 2,183 3.5 0.95 113,067 90.1 0.34 14,757 21.5 0.63 15,924 32.7 0.53

B. Waterfall 1 3 914 1.9 0.77 0 0.0 0.00 388 0.9 0.80 4,018 4.6 0.37 2,810 4.3 0.66 60,510 278.4 0.76

Malina 1 5 583 0.8 0.66 66 0.3 1.01 36 0.1 0.68 10,192 6.9 0.28 346 0.5 0.60 53 0.1 0.44
(lower)

U. Malina 1 5 12,585 24.2 0.74 6,274 18.5 0.94 1,024 1.2 0.58 37,532 36.3 0.33 2,468 3.7 0.65 180 0.5 0.54
(upper)

Ruth 1 4 672 1.1 0.69 0 0.0 0.00 796 0.9 0.59 26,791 37.3 0.40 96,970 148.2 0.64 8,957 18.1 0.51

Saltery 1 4 25 0.1 0.73 133 0.8 1.11 7,580 20.0 0.96 365 0.4 0.40 1,360 2.1 0.69 0 0.0 0.00

Spiridon 1, 2 10 1,122 1.7 0.69 2,368 23.3 1.34 32,893 85.5 1.08 16,577 47.0 0.62 19,717 62.3 0.89 7,355 79.0 1.05
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Table 13. Temperature (°C) data collected at three stations in the Kitoi Bay Section (252-
32), May 11-June 4, 2001.

Depth Mid-Bay Kitoi (station 1) Big Kitoi Bay (station 2)  Little Kitoi Bay (station 3)
(m) 11-May 21-May 4-Jun 11-May 21-May 4-Jun 11-May 21-May 4-Jun

surface 7.0 8.0 9.0 6.5 8.0 10.0 8.0 8.0 9.5
0.5 7.0 8.0 9.0 6.0 8.0 9.0 7.5 8.0 9.5
1.0 7.0 8.0 9.0 6.0 8.5 9.0 7.5 8.0 9.5
1.5 7.0 8.0 8.5 6.0 8.0 9.0 7.5 8.0 9.5
2.0 7.0 8.0 8.5 6.0 8.0 9.0 7.5 8.0 9.5
2.5 7.0 8.0 8.5 6.0 8.0 9.0 7.5 8.0 9.0
3.0 7.0 8.0 8.5 6.0 8.0 8.5 7.5 8.0 9.0
3.5 7.0 8.0 8.5 6.0 8.0 8.5 7.5 7.5 8.5
4.0 7.0 8.0 8.5 6.0 7.5 8.5 7.5 7.5 8.5
4.5 7.0 8.0 8.5 5.5 7.5 8.5 7.5 7.5 8.5
5.0 6.5 8.0 8.0 5.5 7.5 8.0 7.0 7.5 8.0
6.0 6.5 8.0 8.0 5.5 7.5 8.0 7.0 7.5 8.0
7.0 6.5 8.0 8.0 5.5 7.5 7.5 7.0 7.0 8.0
8.0 6.5 7.5 8.0 5.0 7.0 7.5 7.0 7.0 7.5
9.0 6.0 7.5 8.0 5.0 7.0 7.5 7.0 7.0 7.5

10.0 6.0 7.5 7.5 5.0 7.0 7.0 6.5 7.0 7.5
11.0 6.0 7.0 7.5 5.0 7.0 7.0 6.5 7.0 7.5
12.0 6.0 7.0 7.5 5.0 7.0 7.0 6.0 7.0 7.5
13.0 6.0 7.0 7.5 5.0 7.0 7.0 6.0 7.0 7.5
14.0 5.5 7.0 7.5 5.0 7.0 7.0 6.0 7.0 7.5
15.0 5.5 7.0 7.0 4.5 7.0 7.0 6.0 7.0 7.0
16.0 5.5 7.0 7.0 4.5 7.0 7.0 5.5 7.0 7.0
17.0 5.0 7.0 7.0 4.5 7.0 7.0 5.5 7.0 7.0
18.0 4.5 7.0 7.0 4.5 6.5 6.5 5.5 7.0 7.0
19.0 4.5 7.0 7.0 4.5 6.5 6.5 5.0 7.0 7.0
20.0 4.5 7.0 6.5 4.5 6.5 6.0 5.0 7.0 7.0
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Table 14. Salinity data (parts/thousand) collected at three stations in the Kitoi Bay Section
(252-32), May 11-June 4, 2001.

Depth Mid- Bay Kitoi (station 1) Big Kitoi Bay (station 2) Little Kitoi Bay (station 3)
(m) 11-May 21-May 4-Jun 11-May 21-May 4-Jun 11-May 21-May 4-Jun

surface 29.5 25.0 20.0 29.0 21.5 24.5 29.5 23.0 26.0
0.5 29.5 25.0 23.0 29.0 21.5 24.5 29.5 23.0 25.5
1.0 29.5 25.0 24.5 29.0 25.0 24.5 29.5 23.0 25.5
1.5 29.5 25.0 24.5 29.0 25.5 24.5 29.5 23.0 25.5
2.0 29.5 25.0 25.0 29.0 25.5 24.5 29.5 23.0 25.5
2.5 29.5 25.0 25.0 29.0 25.5 24.0 29.5 25.5 25.5
3.0 29.5 25.0 25.5 29.0 25.5 24.0 29.5 25.5 25.5
3.5 29.5 25.0 25.5 29.0 25.0 24.0 29.5 25.5 25.5
4.0 29.5 25.0 25.5 29.0 25.0 24.0 29.5 25.5 25.5
4.5 29.5 25.0 25.5 29.0 25.0 24.0 29.5 24.5 25.5
5.0 29.0 25.0 25.5 29.0 25.0 24.0 29.5 24.5 25.0
6.0 29.0 25.0 26.0 29.0 25.0 24.0 29.5 24.5 25.0
7.0 29.0 25.0 26.0 29.0 24.5 24.0 29.5 24.5 25.0
8.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 25.0
9.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 25.0

10.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 24.5
11.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 24.5
12.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 24.5
13.0 29.0 25.0 25.5 29.0 24.0 24.0 29.5 24.5 24.5
14.0 29.0 25.0 25.5 29.0 24.0 24.0 29.5 24.5 24.5
15.0 29.0 25.0 25.5 29.0 24.0 24.0 29.5 24.5 24.5
16.0 29.0 25.0 25.5 29.0 24.0 24.0 29.5 24.5 24.5
17.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 24.0
18.0 29.0 25.0 25.5 29.0 24.5 24.0 29.5 24.5 24.0
19.0 29.0 25.0 25.0 29.0 24.5 24.0 29.0 24.5 24.0
20.0 29.0 25.0 24.0 29.0 24.5 24.0 29.0 24.5 24.0
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Table 15. Results of plankton surveys at three stations in the Kitoi Bay Section (252-
32), May 11-June 4, 2001.

station #1: mid-bay
station #2: Big Kitoi Bay
station #3: Little Kitoi Bay

zooplankton phytoplankton total plankton
Date Station (ml) (ml) (ml)

May 11 1 3.5 336.5 340.0
May 11 2 3.0 337.0 340.0
May 11 3 4.0 386.0 390.0

May 21 1 4.0 24.0 28.0
May 21 2 3.5 34.5 38.0
May 21 3 4.0 28.0 32.0

June 4 1 7.0 5.0 12.0
June 4 2 8.0 2.0 10.0
June 4 3 3.0 6.0 9.0



59

Table 16. Juvenile sockeye salmon estimates based on hydroacoustic fish
population estimates for Kodiak area lakes, 2001.

a The sockeye salmon estimate was calculated by removing the first strata's fish
estimates from the total fish estimate.

                  Sockeye Estimates
                95%  C. I.

Lake Date Number Low High

Hidden 9-May 24,444 17,719 31,169

L. Kitoi a 18-Aug 38,952 47,370 30,534

L. Waterfall 10-May 33,128 5,444 60,812

Spiridon 1-May 1,754,217 1,469,665 2,038,770
15-Sep 2,331,383 1,843,645 2,819,122
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Table 17. Emigrating sockeye salmon smolt captured for age and size data and total population estimatesa by age class
from Kodiak area systems, 2001.

a Little Kitoi Lake, Malina Lake, and Spiridon Lake.
b Both live and dead sockeye smolt are trapped; live sockeye smolt, only, are included in total emigration estimates (by

actual counts and time estimates).

Total
Trapping Total    Total Smolt  Estimates by Age Class Emigration               95% C. I. 

System Dates Captured 0 1 2 3 Number Variance Lower Higher

Frazer Lake 8-May 348,692 0 10,833 901,205 29,382 941,655 38,386 866,342 1,016,814
thru 3-Jul 0.0 1.2 95.7 3.1

Karluk Lake 6-May 205,705 3,740 239,377 3,063,279 437,611 3,740,268 314,020 3,136,398 4,344,111
thru 3-Jul 0.1 6.4 81.9 11.7

Little Kitoi 8-May 63,537 0 60,487 3,050 0 63,537
thru 27-Jul 0.0 95.2 4.8 0.0

Malina Lake 12-May 58,186 0 120,523 183,479 20,839 324,843 22,963 279,835 540,812
thru 25-Jun 0.0 37.1 56.5 6.4

Spiridon b 3-May 1,528,916 0 1,087,695 441,221 0 1,528,916
thru 3-Jul 0.0 71.1 28.9 0.0

Afognak Lake 11-Jun 62             AGE, LENGTH AND WEIGHT SAMPLING ONLY
thru 13-Jun

Hidden Lake 27-May 447             AGE, LENGTH AND WEIGHT SAMPLING ONLY
thru 23-Jun

Laura Lake 4-Jun 198             AGE, LENGTH AND WEIGHT SAMPLING ONLY
thru 20-Jun

L. Waterfall Lake 24-May 199             AGE, LENGTH AND WEIGHT SAMPLING ONLY
thru 27-May 

Portage 29-May 200             AGE, LENGTH AND WEIGHT SAMPLING ONLY

Saltery 15-Jun 12             AGE, LENGTH AND WEIGHT SAMPLING ONLY
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Table 18. Mean age, length, weight, and condition by age for sockeye salmon smolt sampled at Kodiak area
lakes, 2001.

a Smolt reared at Kitoi Bay Hatchery; sampled prior to release at Little Kitoi Bay.

Age-1 Age-2 Age-3
Sampling Length Weight Condition Length Weight Condition Length Weight Condition

System Weeks n  (mm)  (g)  (K) n  (mm)  (g)  (K) n  (mm)  (g)  (K)
Afognak Lake 22 116 66.4 2.6 0.82 46 88.0 6.6 0.90 1 103.0 10.0 0.92

(5/24-5/30)

Frazer Lake 19-27 77 70.3 3.4 0.86 2,444 77.4 3.8 0.82 79 109.2 11.5 0.85
(5/3-7/4)

Hidden Lake 22-26 441 95.5 7.4 0.85 6 97.7 8.1 0.85 0
(5/24-6/27)

Laura Lake 23-25 36 87.7 5.5 0.81 155 91.0 6.1 0.81 7 109.0 10.0 0.77
(5/31-6/20)

Little Kitoi Bay a 33 120 73.8 4.1 1.00 0 0.0 0.0 0.00 0
(8/9-8/15)

Little Kitoi Lake 20-25 512 107.1 8.5 0.67 104 93.5 5.3 0.63 0
(5/10-6/20)

L.Waterfall Lake 22 199 81.5 4.3 0.79 0 0.0 0.0 0.00 0
(5/24-5/30)

Malina Lake 20-26 535 73.9 3.2 0.77 367 91.1 6.0 0.77 74 105.6 10.3 0.83
(5/10-6/27)

Portage Lake 22 170 71.4 3.0 0.81 30 78.7 4.3 0.84 0
(5/24-5/30)

Saltery Lake 25 6 63.0 2.1 0.81 6 69.0 3.1 0.89 0
(6/14-6/20)

Spiridon Lake 19-27 2,037 103.8 8.8 0.78 506 136.2 20.2 0.79 0
(5/3-7/4)
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Table 19. Preseason forecasts, common property salmon harvests, and total runs for systems with
salmon enhancement and rehabilitation projects in the Kodiak Management Area, 2001.

a From ADF&G fish ticket summaries for regulatory management units; na=not available-assumed
that some level of harvest has occurred in other statistical areas.

b Commercial harvest exvessel value = average weight (lb) x price per pound (preseason estimate)
x catch.

c Estimated based on field staff observations and ADF&G Individual subsistence permittee harvest
reports.

d Sport harvest data are estimates from field project personnel or Sport Fish Division staff.
e Non-anadromous system; total harvest reflects supplemental production; Spiridon Lake estimate

using methods as described by Nelson (1999) from 254-50, 251-10-20, 253-11-35,and 254-10-40
statistical areas.

f Kitoi Area early and late sockeye run estimates delineated by the July 15 separation date.
g System originally non-anadromous; enhanced by fish pass which is operated annually; currently

is anadromous and production includes rehabilitation efforts (lake enrichment) from 1988-1992.
Indexed harvest estimate; escapement  through Dog Salmon weir but not through fish pass
included in escapement.

h Anadromous system; production soley attributed to fertilization is not available (na); fish pass
operation considered essential to any production; forecast only for supplemental production.

Project Species    Preseason Forecast                Common Property Harvest

Run Harvest Commercial 
a

Stat. Areas Ave Wt (lbs) $/lb. Value 
b

Kitoi Area 
e, f

pink 4,200,000 3,800,000 13,126,761 252-30,31,32 3.3 0.12 $5,198,197
(hatchery stocking) chum 92,000 62,000 216,266 252-30,31,32 7.5 0.32 $519,038

coho 115,000 109,000 151,732 252-30,31,32 8.2 0.24 $298,609
sockeye - E.Run 8,400 8,400 23,974 252-30,31,32 5.5 0.70 $92,300
sockeye - L.Run 27,800 27,800 24,542 252-30,31,32 5.5 0.70 $94,487
sockeye - Total Run 36,200 36,200 48,516 252-30,31,32 5.5 0.70 $186,787

Frazer Lake 
g

sockeye 487,000 347,000 239,936 assigned catches 5.6 0.70 $940,549
(fishpass; fertilization) from 257-10,20

50,60,70, 40,41

Laura Lake 
h

coho No Forecast No Forecast 21,518 251-82,83 8.4 0.24 $43,380
(fishpasses;stocking;fertilization) sockeye 1,900 26 251-82,83 4.6 0.70 $84

Little Waterfall Creek pink No Forecast No Forecast 3,171 251-82,83,84 3.3 0.12 $1,256
and Lake 

e
sockeye 23,500 23,500 16,023 251-84 4.6 0.70 $51,594

fishpasses; stocking; fertilization)

Afognak Lake 
h

sockeye 21,000 na 252-34
(stocking)

Malina Lakes 
h

sockeye 38,000 4,001 251-10 4.9 0.70 $13,723
(fertilization; stocking)

Hidden Lake
e

sockeye 34,000 34,000 29,822 251-40,41 5.0 0.70 $104,377
(stocking)

Spiridon Lake
e

sockeye 201,000 201,000 146,678 254-50 5.2 0.70 $533,908
(stocking)

Crescent Lake
e

sockeye 14,600 14,600 3,722 259-35 5.6 0.70 $14,590
(stocking) coho 6,500 6,500 259-35 $0

Katmai Lake
e

coho 1,500 1,500 na na na $0

(stocking)
Totals: pink 13,129,932 $5,199,453

chum 216,266 $519,038
sockeye 488,724 $1,845,612
coho 173,250 $341,989
all species 14,008,172 $7,906,092
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Table 20. Sockeye salmon commercial fishing harvest at Foul Bay (251-41),
Waterfall Bay (251-84), and Telrod Cove (254-50) terminal harvest
areas, and Kitoi (252-32), Duck (252-31), and Izhut (252-30) Bays
combined, June 9 - September 10, 2001.

-Continued-

        Foul Bay THA     Waterfall Bay THA       Telrod Cove THA Kitoi, Duck, Izhut Bays
Date Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative
9-Jun 12,726 12,726 3,015 3,015 closed 1,165 1,165

10-Jun 5,576 18,302 3,210 6,225 closed 919 2,084
11-Jun 1,309 19,611 359 6,584 closed 218 2,302
12-Jun 1,760 21,371 1,081 7,665 closed 2,068 4,370
13-Jun 0 21,371 1,081 8,746 closed 1,765 6,135
14-Jun 695 22,066 278 9,024 closed 436 6,571
15-Jun 1,615 23,681 1,184 10,208 closed 672 7,243
16-Jun 325 24,006 0 10,208 closed 1,420 8,663
17-Jun 526 24,532 1,290 11,498 closed 986 9,649
18-Jun 426 24,958 0 11,498 closed 764 10,413
19-Jun 458 25,416 588 12,086 closed 1,091 11,504
20-Jun 638 26,054 0 12,086 closed 860 12,364
21-Jun 0 26,054 246 12,332 closed closed
22-Jun 636 26,690 0 12,332 closed closed
23-Jun 0 26,690 1,303 13,635 closed closed
24-Jun 1,716 28,406 347 13,982 closed closed
25-Jun 0 28,406 0 13,982 closed closed
26-Jun 0 28,406 0 13,982 closed closed
27-Jun 0 28,406 660 14,642 0 0 closed
28-Jun 0 28,406 0 14,642 0 0 closed
29-Jun 0 28,406 560 15,202 0 0 closed
30-Jun 688 29,094 254 15,456 0 0 closed

1-Jul 0 29,094 0 15,456 130 130 1,441 13,805
2-Jul 0 29,094 0 15,456 86 216 640 14,445
3-Jul 0 29,094 0 15,456 108 324 761 15,206
4-Jul 389 29,483 0 15,456 85 409 224 15,430
5-Jul 339 29,822 0 15,456 116 525 0 15,430
6-Jul 0 29,822 0 15,456 194 719 57 15,487
7-Jul 0 29,822 567 16,023 0 719 645 16,132
8-Jul 0 29,822 0 16,023 365 1,084 161 16,293
9-Jul 0 29,822 0 16,023 162 1,246 800 17,093

10-Jul closed closed 111 1,357 1,046 18,139
11-Jul closed closed 700 2,057 2,141 20,280
12-Jul closed closed 780 2,837 261 20,541
13-Jul closed closed 1,285 4,122 837 21,378
14-Jul closed closed 1,444 5,566 2,372 23,750
15-Jul closed closed 651 6,217 224 23,974
16-Jul closed closed 608 6,825 361 24,335
17-Jul closed closed 647 7,472 188 24,523
18-Jul closed closed 511 7,983 527 25,050
19-Jul closed closed 1,131 9,114 421 25,471
20-Jul closed closed 1,042 10,156 100 25,571
21-Jul closed closed 1,527 11,683 157 25,728
22-Jul closed closed 1,420 13,103 0 25,728
23-Jul closed closed 2,509 15,612 0 25,728
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Table 20.  (page 2 of 2)

        Foul Bay THA     Waterfall Bay THA       Telrod Cove THA Kitoi, Duck, Izhut Bays
Date Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative

24-Jul closed closed 1,132 16,744 607 26,335
25-Jul closed closed 1,260 18,004 110 26,445
26-Jul closed closed 0 18,004 1,080 27,525
27-Jul closed closed 0 18,004 41 27,566
28-Jul closed closed 0 18,004 0 27,566
29-Jul closed closed 0 18,004 48 27,614
30-Jul closed closed 3,965 21,969 313 27,927
31-Jul closed closed 2,456 24,425 690 28,617
1-Aug closed closed 1,321 25,746 987 29,604
2-Aug closed closed 960 26,706 1,100 30,704
3-Aug closed closed 1,046 27,752 1,504 32,208
4-Aug closed closed 1,855 29,607 964 33,172
5-Aug closed closed 1,232 30,839 1,241 34,413
6-Aug closed closed 2,668 33,507 839 35,252
7-Aug closed closed 2,844 36,351 750 36,002
8-Aug closed closed 389 36,740 1,907 37,909
9-Aug closed closed 1,277 38,017 1,350 39,259

10-Aug closed closed 0 38,017 1,295 40,554
11-Aug closed closed 4,575 42,592 789 41,343
12-Aug closed closed 4,750 47,342 634 41,977
13-Aug closed closed 1,388 48,730 387 42,364
14-Aug closed closed 803 49,533 675 43,039
15-Aug closed closed 524 50,057 555 43,594
16-Aug closed closed 402 50,459 503 44,097
17-Aug closed closed 0 50,459 666 44,763
18-Aug closed closed 0 50,459 206 44,969
19-Aug closed closed 0 50,459 253 45,222
20-Aug closed closed 3,411 53,870 207 45,429
21-Aug closed closed 968 54,838 262 45,691
22-Aug closed closed 1,535 56,373 484 46,175
23-Aug closed closed 920 57,293 739 46,914
24-Aug closed closed 856 58,149 289 47,203
25-Aug closed closed 243 58,392 179 47,382
26-Aug closed closed 156 58,548 70 47,452
27-Aug closed closed 0 58,548 221 47,673
28-Aug closed closed 0 58,548 86 47,759
29-Aug closed closed 0 58,548 53 47,812
30-Aug closed closed 0 58,548 27 47,839
31-Aug closed closed 0 58,548 29 47,868

1-Sep closed closed 0 58,548 59 47,927
2-Sep closed closed 0 58,548 539 48,466
3-Sep closed closed 1,185 59,733 13 48,479
4-Sep closed closed 0 59,733 10 48,489
5-Sep closed closed 0 59,733 0 48,489
6-Sep closed closed 0 59,733 4 48,493
7-Sep closed closed 0 59,733 5 48,498
8-Sep closed closed 0 59,733 0 48,498
9-Sep closed closed 0 59,733 5 48,503

10-Sep closed closed 0 59,733 13 48,516
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Table 21. Estimated age composition of sockeye salmon escapement and harvests from Kodiak
Management Area enhancement or rehabilitation systems, 2001.

a Actual escapement was 24,271; reduced apportionment due to no late season sampling.
b Based on age samples and marks observed at Little Kitoi fish pass and Big Kitoi raceways; applied to

escapement and harvest from statistical areas 252-30 (Izhut Bay), 252-31 (Duck Bay), and 252-32 (L.
Kitoi Bay).

c Fish transiting the fishpass were sampled and returned to saltwater.
d Actual escapement was 45,608; reduced apportionment due to no late season sampling.
e Actual sample size, numbers have not been expanded out for total harvest or escapement.
THA = Terminal harvest area; HP = Hook Point setnet site.

Location Sample Sample Ages
Weeks Size 1.1 0.3 1.2 2.1 1.3 2.2 3.1 1.4 2.3 3.2 4.1 2.4 3.3 3.4 Total

Afognak Lake 22-31 790 Percent 0.7 0.0 11.4 4.0 26.2 3.2 9.0 0.0 44.6 0.0 0.3 0 0.7 0.0 100

(escapement)
a

(5/24-8/01) Numbers 137 0 2,383 833 5,473 676 1,877 0 9,328 0 63 0 156 0 20,929

Foul Bay THA 24-28 551 Percent 1.7 0.0 28.8 0.0 67.8 0.4 0.0 0.0 1.3 0.0 0.0 0.0 0.0 0.0 100
(harvest) (6/7-7/11) Numbers 517 0 8,602 0 20,206 123 0 0 374 0 0 0 0 0 29,822

Little Kitoi Lake/Bay
b

24-36 570 Percent 0.3 0.0 3.5 1.9 9.5 11.3 0.0 0.0 71.6 0.1 0.0 0.0 1.5 0.0 100
(harvest) (6/7-9/5) Numbers 23 0 241 132 648 770 0 0 4,859 5 0 0 102 0 6,791

Little Kitoi fish pass
c

22-23 80 Percent 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 96.0 0.0 0.0 0.0 1.0 0.0 100

(harvest) (5/27-6/2) Numbers 0 0 0 0 2 0 0 0 77 0 0 0 1 0 80
e

Malina Bay 24 163 Percent 2.5 0.0 22.7 1.8 41.1 14.1 0.6 0.0 16.6 0.6 0.0 0.0 0.0 0.0 100
(harvest) (6/7-6/13) Numbers 4 0 37 3 67 23 1 0 27 1 0 0 0 0 163

Malina Lake 21-32 681 Percent 13.6 0.0 15.0 8.0 42.7 3.3 0.2 0.0 16.7 0.2 0.0 0.0 0.3 0.0 100
(escapement) (5/24-8/8) Numbers 3,059 0 3,374 1,799 9,603 742 45 0 3,756 45 0 0 67 0 22,490

Pauls Lake 23-35 441 Percent 5.1 0.0 24.9 2.8 26.6 3.9 0.0 0.0 36.6 0.0 0.0 0.0 0.1 0.0 100
(escapement) (5/31-8/29) Numbers 1,180 0 5,780 653 6,183 907 0 0 8,506 0 0 0 22 0 23,230

Saltery Lake 28-33 218 Percent 0.7 1.2 2.9 0.0 54.5 18.7 0.0 0.0 20.0 0.0 0.0 1.1 0.0 0.9 100

(escapement)
d

(7/5-8/15) Numbers 252 456 1,088 0 20,467 7,035 0 0 7,492 0 0 429 0 328 37,547

Spiridon Lake THA 27-36 1,534 Percent 1.1 0.1 58.5 3.4 17.2 19.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 100
(harvest) 6/28-9/5) Numbers 674 51 34,921 2,022 10,300 11,334 0 7 391 0 0 7 0 0 59,733

Spiridon Bay (HP) 30-33 285 Percent 0.0 0.0 45.0 0.0 23.0 28.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 100

(harvest) (7/23-8/14) Numbers 0 1 127 1 65 79 0 0 12 0 0 0 0 0 285
e

Waterfall Bay THA 24-28 497 Percent 1.2 0.0 40.8 0.6 56.9 0.2 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 100
(harvest) (6/7-7/11) Numbers 190 0 6,532 90 9,112 34 0 34 30 0 0 0 0 0 16,023
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Figure 1. Location of salmon systems where biological data was collected on Kodiak and Afognak Islands, 1951-2001.
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Figure 2. Locations of sockeye salmon stocking, fertilization, broodstock, and environmental assessment monitoring
programs on Kodiak and Afognak Islands, 2001.
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Figure 3. Salmon stocking locations on Kodiak and Afognak Islands, 2001.
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Figure 4. Locations of terminal and special harvest areas with associated barrier weirs/nets or
counting weirs at these systems.
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Figure 5. Izhut (252-30), Duck (252-31), and Kitoi (252-32) Bay Sections of the Afognak
Commercial Fishing District, 2001.
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Figure 6. Location of fish passes and stream clearance operations at salmon
systems on Afognak Island, 2001.
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Figure 7. Location of lake enrichment systems on Afognak Island, 2001.
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Figure 8. Sockeye salmon smolt emigration timing from Little Kitoi, Spiridon, and Malina Lakes, 2001.
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Figure 9. Commercial harvest of sockeye salmon in the Waterfall Bay and Foul Bay terminal harvest areas in 2001
compared to the escapement timing of the Afognak Lake brood source, 1992-2001.
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Figure 10. Sockeye salmon commercial catches in the Kitoi (252-32), Duck (252-31), and Izhut (252-30) Bay Sections, 2001.

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

13-Jun

20-Jun

27-Jun

4-Jul

11-Jul

18-Jul

25-Jul

1-A
ug

8-A
ug

15-A
ug

22-A
ug

29-A
ug

5-Sep

12-Sep

Week Ending Dates

So
ck

ey
e 

Sa
lm

on
 C

om
m

er
ci

al
 C

at
ch

Kitoi (252-32)
Duck (252-31)
Izhut (252-30)

  commercial
fishery closed



76

Figure 11. Average commercial sockeye salmon harvest in the Spiridon Lake terminal harvest area from 1994-2001
compared to the average escapement timing of the Upper Station Lake and Saltery Lake brood sources,
1989-2000.
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Figure 12. Escapement timing of sockeye and coho salmon into the Pauls/Laura Lake system and sockeye salmon
escapement into Malina Lakes, 2001.
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Appendix A. History of Kodiak Island sockeye salmon enhancement and restoration projects,
1890-2001.

Project Years Funding Source
Karluk Voluntary Hatchery 1891, 1896-1917 Cannery Operators

Afognak Lake Federal Hatchery 1908-1932 Bureau of Fisheries

Paul's Lake System Egg Plants 1951-1955 Territorial Department
and Fishway Development of Fisheries (TDF)

Frazer Lake Egg Plants, Fry Stocking, 1951-1971 TDF; Alaska
Adult Transplants, and Fish Ladder Department of Fish

and Game (ADF&G)

Kitoi Bay Research Station/Hatchery 1953-1972 TDF; ADF&G

Bare Lake Enrichment 1955 USF&WS

Karluk Lake Streamside Incubation/ 1979-1986 ADF&G
Egg Plants

Kodiak Regional Aquaculture 1983-present Fishery Enhancement
 Association (KRAA) Tax

Karluk Lake Enrichment 1986-1990 KRAA; Kodiak Island
Borough (KIB)

Frazer Lake Enrichment 1988-1992 KRAA; KIB

Kodiak and Afognak Island Lakes 1990-1992 KRAA
Feasibility Investigations

Afognak Lake Enrichment 1990-2000 KRAA

Malina Lakes Enrichment 1991-2001 KRAA

Portage Lake Enrichment 1993-1997 KRAA

Jennifer Lakes Stocking 1993-1997 KRAA

Laura Lake Enrichment 1993-2001 KRAA

Little Waterfall Lake Enrichment 1993-2001 KRAA

Little Kitoi Lake Enrichment 2000-2001 KRAA
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Appendix B. Kodiak Comprehensive Salmon Plan 1982-2002, Phase II harvest objectives
(natural, supplemental, and total), by species.

Harvest Objective 

Species Natural Supplemental Total

(wild runs) (enhanced runs)

Pink

    odd year 7,500,000 11,500,000 19,000,000

    even year 12,000,000 11,500,000 23,500,000

Sockeye 2,700,000 1,700,000 4,400,000

Chum 900,000 1,100,000 2,000,000

Coho 161,000 382,000 543,000

Chinook 12,000 3,000 15,000

Total Harvest:

    odd year 11,273,000 14,685,000 25,958,000

   even year 15,773,000 14,685,000 30,458,000
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stations, and the smolt and adult sampling compound on Little Kitoi
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Appendix C.6. Historical pink salmon releases from Kitoi Bay Hatchery for release
years 1973-2001.

a Average release weights were not determined.

Number of Fry Release Avg. Weight
Brood Year Broodstock Released Location (g) Release Year

1972 Big Kitoi 493,130 Big Kitoi Bay a 1973
1973 Big Kitoi 447,642 Big Kitoi Bay a 1974
1974 Big Kitoi 1,226,314 Big Kitoi Bay a 1975
1975 Big Kitoi 2,486,410 Big Kitoi Bay a 1976
1976 Big Kitoi 4,722,152 Big Kitoi Bay 0.50 1977

1977 Big Kitoi 17,255,424 Big Kitoi Bay 0.44 1978
1978 Big Kitoi 17,319,537 Big Kitoi Bay a 1979
1979 Big Kitoi 22,458,947 Big Kitoi Bay 0.63 1980
1980 Big Kitoi 26,351,664 Big Kitoi Bay 0.93 1981
1981 Big Kitoi 47,828,701 Big Kitoi Bay a 1982
1982 Big Kitoi 72,054,096 Big Kitoi Bay 0.79 1983
1983 Big Kitoi 87,065,569 Big Kitoi Bay 0.58 1984
1984 Big Kitoi 75,109,442 Big Kitoi Bay 0.29 1985

1985 Big Kitoi 97,773,052 Big Kitoi Bay 0.78 1986
1986 Big Kitoi 90,017,823 Big Kitoi Bay 0.27 1987
1987 Big Kitoi 94,172,516 Big Kitoi Bay 0.73 1988
1988 Big Kitoi 80,502,220 Big Kitoi Bay 0.62 1989
1989 Big Kitoi 84,907,550 Big Kitoi Bay 0.61 1990
1990 Big Kitoi 124,148,019 Big Kitoi Bay 0.60 1991
1991 Big Kitoi 147,145,130 Big Kitoi Bay 0.80 1992
1992 Big Kitoi 169,552,112 Big Kitoi Bay 0.51 1993
1993 Big Kitoi 163,192,575 Big Kitoi Bay 0.45 1994

1994 Big Kitoi 134,104,406 Big Kitoi Bay 0.53 1995
1995 Big Kitoi 144,045,245 Big Kitoi Bay 0.48 1996
1996 Big Kitoi 102,583,724 Big Kitoi Bay 0.50 1997
1997 Big Kitoi 128,101,460 Big Kitoi Bay 0.50 1998
1998 Big Kitoi 127,685,500 Big Kitoi Bay 0.54 1999
1999 Big Kitoi 137,702,154 Big Kitoi Bay 0.61 2000
2000 Big Kitoi 134,823,670 Big Kitoi Bay 0.72 2001
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Appendix C.7. Historical chum salmon fry releases from Kitoi Bay Hatchery for
release years 1982-2001.

a A disease outbreak occurred, all chum fry were destroyed.
b Average release weights were not determined.

Brood Number of Fry Release  Avg. Weight Release
Year Broodstock Released Location (g) Year

1981 Sturgeon R. 36,846 Big Kitoi Creek 0.56 1982
1982 Sturgeon R. 105,058 Big Kitoi Creek 1.05 1983
1983 Sturgeon R. 630,422 Big Kitoi Creek 1.16 1984

1984 Sturgeon R. 784,078 Big Kitoi Creek 0.67 1985
1985 Sturgeon R. 414,233 Big Kitoi Creek b 1986
1986 Big Kitoi 693,166 Big Kitoi Creek 2.00 1987

1987 Big Kitoi 4,737,587 Big Kitoi Creek 2.10 1988
1988 Big Kitoi 3,289,878 Big Kitoi Creek 1.85 1989
1989 Big Kitoi 1,502,501 Big Kitoi Creek 2.44 1990

1990 Big Kitoi a Big Kitoi Creek b 1991
1991 Big Kitoi 22,214,472 Big Kitoi Creek 1.80 1992
1992 Big Kitoi 10,101,986 Big Kitoi Creek 2.02 1993

1993 Big Kitoi 6,507,497 Big Kitoi Creek 1.52 1994
1994 Big Kitoi 9,738,472 Big Kitoi Creek 1.51 1995
1995 Big Kitoi 20,139,843 Big Kitoi Creek 1.27 1996

1996 Big Kitoi 23,500,000 Big Kitoi Creek 1.50 1997
1997 Big Kitoi 12,310,015 Big Kitoi Creek 1.50 1998
1998 Big Kitoi 6,859,982 Big Kitoi Bay 1.03 1999

1999 Big Kitoi 22,334,640 Big Kitoi Bay 1.70 2000
2000 Big Kitoi 20,032,140 Big Kitoi Bay 1.73 2001
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Appendix C.8. Historical coho salmon releases at Big Kitoi and Little Kitoi systems for
release years 1984-2001.

Brood Number Release  Avg. Weight Release  
Year Broodstock Released Location (g) Year

1983 L.Kitoi 127,700 Little Kitoi Lake 1.00 1984
1984 L.Kitoi 33,472 Little Kitoi Lake 1.50 1985
1985 L.Kitoi 53,360 Little Kitoi Lake 6.10 1986
1986 L.Kitoi 171,103 Little Kitoi Lake 1.79 1987
1986 L.Kitoi 9,600 Big Kitoi Creek 5.00 1987
1987 L.Kitoi 43,807 Little Kitoi Lake 1.52 1988
1988 L.Kitoi 137,493 Big Kitoi Bay 23.30 1990
1990 L.Kitoi 60,755 Big Kitoi Bay 32.00 1992
1991 L.Kitoi 70,605 Little Kitoi Lake 1.40 1992
1991 L.Kitoi 613,681 Big Kitoi Bay 18.90 1993

1992 L Kitoi 139,147 Little Kitoi Lake 1.30 1993
1992 L Kitoi 5,163 Big Kitoi Creek 14.60 1993
1992 L Kitoi 97,973 Big Kitoi Bay 28.40 1994
1993 Big Kitoi 258,926 Big Kitoi Bay 25.90 1995
1994 Big Kitoi 894,486 Big Kitoi Bay 23.54 1996
1995 Big Kitoi 819,046 Big Kitoi Bay 19.57 1997
1996 Big Kitoi 769,000 Big Kitoi Bay 23.90 1998
1997 Big Kitoi 1,098,338 Big Kitoi Bay 19.30 1999
1998 Big Kitoi 871,448 Big Kitoi Bay 16.92 2000
1999 Big Kitoi 936,913 Big Kitoi Bay 20.76 2001
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Appendix C.9. Historical sockeye salmon releases at Big Kitoi and Little Kitoi systems
for release years 1989-2001.

 Brood  Number Release  Avg. Weight  Release
Year Broodstock Released Location (g) Year

1988 Upper Station 143,725 Little Kitoi Bay 2.5 1989
1989 Upper Station 578,932 Little Kitoi Lake 0.3 1990
1989 Upper Station 1,312,728 Little Kitoi Bay 3.0 1990
1990 Upper Station 1,250,000 Little Kitoi Bay 2.5 1991
1991 Upper Station 1,463,000 Little Kitoi Bay 1.6 1992
1991 Afognak 182,000 Little Kitoi Bay 1.5 1992
1992 Upper Station 52,418 Little Kitoi Lake 3.1 1993
1992 Upper Station 326,500 Little Kitoi Bay 15.0 1994
1993 Afognak 293,000 Little Kitoi Bay 1.9 1994
1993 Upper Station 1,672,710 Little Kitoi Bay 0.82 - 15.0 1994
1993 Afognak 183,000 Little Kitoi Lake 12.0 1994
1993 Little Kitoi 10,108 Little Kitoi Lake 4.6 1994
1993 Afognak 3,500 Little Kitoi Lake 23.0 1995
1993 Little Kitoi 916,677 Little Kitoi Bay 10.1 1995
1994 Upper Station 266,952 Little Kitoi Lake 1.8 1995
1994 Afognak 112,900 Little Kitoi Lake 10.0 1995
1994 Little Kitoi 84,861 Little Kitoi Lake 5.0 1995
1994 Little Kitoi 573,242 Little Kitoi Bay 12.7 1996
1995 Afognak 50,650 Little Kitoi Lake 10.0 1996
1995 Little Kitoi 155,687 Little Kitoi Lake 3.2 1996
1995 Upper Station 587,435 Little Kitoi Bay 12.1 1997
1996 Afognak 125,800 Little Kitoi Lake 9.5 1997
1996 Little Kitoi 77,039 Little Kitoi Lake 3.3 1997
1996 Little Kitoi 99,085 Little Kitoi Lake 11.7 1998
1996 Little Kitoi 397,000 Little Kitoi Bay 15.1 1998
1997 Saltery 106,658 Little Kitoi Lake 17.7 1999
1998 Saltery 98,737 Little Kitoi Lake 7.2 1999
1998 Saltery 74,463 Little Kitoi Lake 14.7 2000
1998 Saltery 23,756 Little Kitoi Bay 14.7 2000
1999 Saltery 154,039 Little Kitoi Lake 11.3 2000
2000 Saltery 282,089 Little Kitoi Lake 9.5 2001
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Appendix C.10. Historical sockeye and coho salmon releases into upper and lower
Jennifer Lakes for release years 1992-1995 and 1997-2001,
respectively.

Brood  Number Release  Avg. Weight Year   
Species Year Broodstock Released Location (g) Released

Sockeye 1992 U. Station 180,000 U. Jennifer Lake 0.5 1993
Sockeye 1993 U. Station 370,000 U. Jennifer Lake 0.2 1994
Sockeye 1994 U. Station 200,000 U. Jennifer Lake 0.2 1995
Sockeye 1996 U. Station 458,000 U. Jennifer Lake 0.5 1997

Coho 1991 Little Kitoi 162,387 U. Jennifer Lake 4.5 1992
Coho 1992 Little Kitoi 135,486 U. Jennifer Lake 1.9 1993
Coho 1994 Big Kitoi 165,000 U. Jennifer Lake 1.5 1995
Coho 1996 Big Kitoi 163,000 U. Jennifer Lake 0.4 1997
Coho 1997 Big Kitoi 165,000 U. Jennifer Lake 0.5 1998
Coho 1998 Big Kitoi 136,000 U. Jennifer Lake 0.6 1999
Coho 1999 Big Kitoi 155,688 U. Jennifer Lake 0.4 2000
Coho 2000 Big Kitoi 120,000 L. Jennifer Lake 0.9 2001
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Appendix C.11. Historical sockeye and coho salmon releases into Ruth and Sorg Lakes
for release years 1995-2000.

Brood  Number Release  Avg. Weight Year   
Species Year Broodstock Released Location (g) Released
Sockeye 1995 Saltery 150,000 Ruth Lake 0.2 1996
Sockeye 1996 Saltery 147,000 Ruth Lake 0.2 1997
Sockeye 1997 Saltery 100,000 Ruth Lake 0.7 1998
Sockeye 1998 Saltery 66,500 Ruth Lake 1.3 1999
Sockeye 1999 Saltery 78,700 Ruth Lake 0.3 2000

Coho 1994 Big Kitoi 59,500 Ruth Lake 1.7 1995
Coho 1996 Big Kitoi 35,000 Ruth Lake 0.4 1997
Coho 1997 Big Kitoi 35,000 Ruth Lake 0.5 1998
Coho 1998 Big Kitoi 35,000 Ruth Lake 0.6 1999
Coho 1999 Big Kitoi 30,695 Ruth Lake 0.7 2000

Sockeye 1995 Afognak 146,000 Sorg Lake 6.3 1996
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Appendix C.12. Historical coho salmon releases at Katmai Creek for release years 1987-
2001.

a For brood years 1988-1990, coho salmon were not released into Katmai Creek.

Brood  Number Release  Avg. Weight Year   

Yeara Broodstock Released Location (g) Released

1986 Little Kitoi 22,349 Katmai Creek 0.5 1987
1987 Little Kitoi 20,000 Katmai Creek 0.7 1988
1991 Little Kitoi 14,973 Katmai Creek 4.5 1992
1992 Little Kitoi 15,052 Katmai Creek 1.9 1993
1993 Little Kitoi 13,178 Katmai Creek 23.3 1994
1994 Little Kitoi 16,489 Katmai Creek 5.9 1995
1995 Little Kitoi 15,246 Katmai Creek 5.0 1996
1996 Little Kitoi 15,735 Katmai Creek 7.3 1997
1997 Little Kitoi 14,000 Katmai Creek 7.2 1998
1998 Little Kitoi 15,000 Katmai Creek 6.0 1999
1999 Little Kitoi 15,000 Katmai Creek 8.2 2000
2000 Little Kitoi 15,000 Katmai Creek 8.4 2001
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Appendix C.13.  Little Kitoi fish pass (a) and smolt/adult sampling compound (b).

a.

b.
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Appendix C.14. Limnological sampling stations and total samples collected
for Kitoi area lakes, 1990-2001.

Lake Year   Sampling Stations Total Samples

Big Kitoi 1991 1 5
1992 1 5
1993 1 5
1994 1 4

Jennifer 1990 1 2 3
1993 1 2 4
1994 1 2 4
1995 1 2 5
1996 1 2 5
1997 1 2 4
1998 1 4
1999 0
2000 1 4
2001 1 2 4

Little Kitoi 1990 1 4
1991 1 6
1992 1 5
1993 1 5
1994 1 2 4
1995 1 2 5
1996 1 2 4
1997 1 2 4
1998 1 4
1999 1 4
2000 1 4
2001 1 5

Ruth 1994 1 2 4
1995 1 2 4
1996 1 2 4
1997 1 4
1998 1 4
1999 1 4
2000 1 4
2001 1 4

Sorg 1995 1 4
1996 1 4
1997 1 4
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Appendix C.15. Summary of seasonal mean water chemistry parameters by station and depth for Little Kitoi
Lake, 1990-2001.

a  A hydrogen sulfide layer was siphoned from the lake bottom during the winter, 1995-1996.
SD - standard deviation;  na - data not available or not collected.

Sta Depth
Year tions (m) (umhos/cm) S.D. (Units) S.D. (mg/L) S.D. (NTU) S.D. (Pt units) S.D. (mg/L) S.D. (mg/L) S.D. (ug/L) S.D.
1990 1 1 115 7 7 0.2 28 2.5 2 1.9 11 1.3 11 1.6 2 1.0 32 11.4

1 24 16,215 1,146 7 0.2 337 125.9 68 50.7 77 29.6 142 84.2 235 202.3 279 233.9
1991 1 1 112 31 7 0.1 27 2.0 1 0.3 14 3.4 10 0.6 2 0.7 28 18.3

1 25 13,494 6,380 8 0.1 387 88.5 39 54.7 88 28.7 218 94.1 371 115.2 142 21.4
1992 1 1 119 5 7 0.4 25 4.1 1 1.3 13 2.6 9 0.3 3 0.6 51 54.0

1 21 11,348 852 7 0.1 223 20.4 19 25.4 74 11.9 123 20.2 283 41.4 222 130.9
1993 1 1 116 18 7 0.3 28 3.2 0 0.2 11 2.8 11 0.6 2 1.1 26 13.9

1 22 9,490 2,645 8 0.3 237 65.9 14 27.9 63 16.0 152 116.4 242 147.0 167 56.7
1994 1 1 112 15 7 0.3 27 2.1 1 0.3 19 0.5 10 1.2 2 0.4 33 19.7

1 2 na na na na na na na na na na na na na na na na
1 18 1,672 2,881 7 0.5 61 65.9 1 0.1 38 39.6 30 38.7 38 67.7 82 81.4
2 1 139 59 7 0.5 30 4.1 1 0.4 21 4.7 11 2.0 2 0.8 40 20.3
2 2 na na na na na na na na na na na na na na na na
2 15 137 16 7 0.2 32 1.9 2 2.5 19 1.4 12 0.7 2 0.1 42 35.1

1995 1 1 112 4 7 0.3 25 1.2 1 0.8 41 33.9 9 0.6 2 0.4 35 23.8
1 2 na na na na na na na na na na na na na na na na
1 22 12,500 2,985 7 0.1 309 64.0 55 98.9 70 28.8 141 32.6 319 64.7 238 46.6
2 1 125 21 7 0.2 27 1.9 1 0.4 32 9.7 9 0.4 2 0.3 38 19.8
2 2 na na na na na na na na na na na na na na na na
2 18 149 5 7 0.1 31 5.5 2 0.7 20 7.8 12 1.1 2 0.4 82 37.3

1996 a 1 1 124 3 7 0.2 28 1.6 1 1.1 14 3.8 9 0.1 2 0.4 30 14.3
1 2 na na na na na na na na na na na na na na na na
1 24 260 128 7 0.1 28 2.2 1 1.0 16 2.1 10 0.8 4 2.0 48 7.1
2 1 125 3 7 0.2 28 1.6 1 0.7 14 2.9 9 0.1 2 0.1 39 15.7
2 2 na na na na na na na na na na na na na na na na
2 16 139 5 7 0.1 28 1.0 1 0.7 16 2.4 10 0.4 2 0.3 57 20.3

1997 1 1 115 4 8 0.1 30 1.4 1 0.1 17 1.7 9 0.2 2 0.5 28 9.5
1 2 na na na na na na na na na na na na na na na na
1 24 216 117 7 0.2 30 5.0 2 1.5 16 5.4 9 0.5 4 1.8 29 5.3
2 1 116 5 8 0.0 32 3.0 1 0.1 15 3.6 9 0.2 2 0.1 22 8.7
2 2 na na na na na na na na na na na na na na na na
2 15 147 4 7 0.1 37 3.2 1 0.1 13 0.5 11 0.7 2 0.1 32 12.9

1998 1 1 106 1 7 0.1 30 2.7 1 0.7 23 2.9 10 0.6 2 0.3 18 5.3
1999 1 1 106 2 7 0.2 26 1.5 1 0.6 13 1.8 10 0.2 2 0.2 58 19.7
2000 1 1 na na 8 1.1 16 4.4 na na na na na na na na na na
2001 1 1 na na 8 0.1 24 4.4 na na na na na na na na na na

           Specific
       Conductance           pH     Alkalinity          Iron   Turbidity          Color       Calcium   Magnesium
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Appendix C.16. Summary of seasonal mean water chemistry parameters by station and depth for Lower and Upper Jennifer Lakes,
1990-1994.

a  Water samples were not collected in 1991-1992, and 1995-1998.
na - data not available.

         Specific
Sta Depth       Conductance        pH   Alkalinity    Turbidity          Color     Calcium Magnesium         Iron

Lake Yeara tions (m) (umhos/cm) S.D. (Units) S.D. (mg/L) S.D. (NTU) S.D. (Pt units) S.D. (mg/L) S.D. (mg/L) S.D. (ug/L) S.D.

Lower 1990 1 1 117.7 15.0 7.0 0.5 15.0 1.8 1.1 0.5 8.7 0.6 5.7 0.4 3.0 0.7 26.0 15.1
1 21 137.3 2.5 6.8 0.1 17.2 0.8 0.7 0.5 10.3 2.1 6.9 1.8 1.8 1.5 34.7 6.4

Lower 1993 1 1 132.0 1.4 7.1 0.3 20.9 4.8 0.6 0.3 4.8 2.2 6.6 0.4 2.9 0.7 24.3 12.0
1 22 133.3 2.5 6.7 0.2 18.0 0.8 0.6 0.3 4.3 0.5 6.9 0.2 2.9 0.3 36.0 11.2

Lower 1994 1 1 130.3 2.1 6.7 0.2 18.0 0.8 0.6 0.2 19.5 7.6 6.1 0.6 2.4 0.8 33.8 9.7
1 2 na na na na na na na na na na na na na na na na
1 20 133.3 4.3 6.5 0.2 17.8 1.0 0.6 0.3 17.8 3.0 6.1 0.4 2.6 0.8 41.3 13.7

Upper 1993 1 1 132.8 5.3 7.3 0.5 17.8 1.7 0.6 0.5 3.5 0.6 6.8 0.7 3.1 0.7 15.5 8.7
1 25 135.0 1.6 6.8 0.3 17.5 1.9 0.4 0.1 3.3 0.5 6.6 0.9 2.9 0.7 15.0 6.8

Upper 1994 1 1 129.3 2.6 6.7 0.3 16.6 0.5 0.4 0.2 9.8 2.2 5.6 0.6 3.0 1.1 7.3 4.4
1 2 na na na na na na na na na na na na na na na na
1 21 132.8 0.5 6.5 0.2 17.8 0.9 0.8 0.8 9.8 1.7 6.1 1.0 2.9 0.7 23.5 32.5
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Appendix C.17.  Summary of seasonal mean water chemistry parameters by station and depth for Ruth and Sorg Lakes, 1993-1994.

S.D. - standard deviation.
na - data not available.
nc - not calculated, only one sample was collected through out the field season.

         Specific
Sta Depth       Conductance           pH   Alkalinity    Turbidity          Color     Calcium Magnesium      Iron

Lake Year tions (m) (umhos/cm) S.D. (Units) S.D. (mg/L) S.D. (NTU) S.D. (Pt units) S.D. (mg/L) S.D. (mg/L) S.D. (ug/L) S.D.

Ruth 1994 1 1 126.8 3.2 6.8 0.3 22.0 2.1 0.8 0.2 8.0 6.0 7.6 0.5 2.4 0.4 94.0 65.9
1 2 na na na na na na na na na na na na na na na na
1 12 130.0 5.9 6.5 0.1 22.8 0.9 0.8 0.2 9.3 5.4 7.1 0.9 2.4 0.4 102.0 61.5

Sorg 1993 1 1 106.0 nc 7.1 nc 15.0 nc 0.3 nc 4.0 nc 3.9 nc 3.8 nc 28 nc
1 17 91.0 nc 6.6 nc 14.0 nc 0.6 nc 9.0 nc 3.9 nc 2.5 nc 100 nc

Sorg 1994 1 1 88.8 8.7 6.8 0.1 13.8 1.5 0.8 0.3 12.5 1.0 4.0 0.1 2.1 0.4 68.3 32.0
1 2 na na na na na na na na na na na na na na na na
1 14 90.0 9.0 6.5 0.2 13.5 1.7 0.7 0.2 11.0 0.8 4.0 0.1 2.4 0.3 85.0 29.6
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Appendix C.18. Historical hydrogen sulfide (H2S) levels measured at Little Kitoi
Lake, 1993-1994, 1996-1998, and 2000-2001.

a Some readings were less than the detectable level (<dl).

Toxic H2S

Total H2S Presenta

Year Month Depth (m)      (ug/l)      (ug/l) Comments

Station 1: Main Basin

1993 April 21.0 3,023 2,209
July 22.5 6,310 909

1994 August 21.0 52,183 15,655

1996 August 24.0 88 48

1997 June 24.0 1 <dl
August 24.0 1 <dl

1998 August 25.0 23 13.7 These are average figures,
replicates varied greatly.

1999 No samples collected
2000 August 25.0 0 0
2001 August 24.0 <dl <dl

Station 2: North Basin

1993 July 21.0 2 1
1994 August 18.0 0 0

1997 June 18.0 0 <dl
1998 No samples collected

Station 3: Middle Basin

1996 August 23.0 29,982 8,995

1997 June 23.0 5,318 1,861
August 23.0 4,455 2,005

1998 No samples collected
1999 No samples collected
2000 August 23.0 4,438 2,219
2001 August 24.0 2,122 1,910
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Appendix C.19. Morphometric map of Little Kitoi Lake showing the volume of
hydrogen sulfide prior to removal in the winter of 1995-1996.
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Appendix C.21. Summary of seasonal mean nutrient and algal concentrations by station and depth for Little Kitoi Lake,
1990-2001.

a  A hydrogen sulfide layer was siphoned from the lake bottom during the winter, 1995-1996.
SD - standard deviation;  NA - data not available or not collected.

Sta Depth
Year tions (m) (ug/L P) S.D. (ug/L P) S.D. (ug/L P) S.D. (ug/L N) S.D. (ug/L N) S.D. (ug/L N) S.D. (ug/L Si) S.D. (ug/L) S.D.
1990 1 1 3.7 0.6 2.8 1.7 2.9 1.8 122.7 29.1 9.5 7.7 19.8 29.3 1,649.5 759.8 167.8 39.6

1 24 752.8 658.8 707.1 738.6 440.6 661.2 10,587.0 4,363.4 7,780.0 3,022.9 2.3 1.8 7,901.3 4,097.4 545.8 22.5
1991 1 1 5.8 1.5 4.2 1.9 2.7 1.6 116.5 22.6 17.3 3.8 36.7 39.9 2,044.7 348.7 191.0 42.0

1 25 974.4 407.9 878.0 380.1 925.6 409.4 10,358.6 3,087.7 7,331.5 2,656.6 1.9 1.5 12,112.7 4,900.0 554.2 37.7

1992 1 1 4.5 1.1 3.0 1.5 2.3 0.9 131.0 20.9 6.0 3.5 48.1 41.7 2,382.4 442.7 169.0 32.3

1 21 189.2 34.9 172.6 37.0 175.4 36.4 6,756.3 903.5 5,605.4 1,018.8 3.8 0.4 10,090.4 958.6 913.8 86.3
1993 1 1 4.2 0.5 2.4 0.7 2.2 0.6 143.3 19.8 12.9 7.4 103.9 64.7 2,142.4 348.8 166.4 64.7

1 22 274.9 176.4 271.6 189.6 282.2 181.8 5,392.9 4,063.9 5,934.6 2,383.0 31.2 36.6 9,468.0 1,953.6 1,088.4 233.8

1994 1 1 4.7 0.7 3.1 0.6 1.7 0.4 159.5 26.5 9.8 7.6 160.7 63.2 2,424.5 354.7 139.0 63.5

1 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1 18 18.9 29.0 18.6 30.7 16.8 29.6 936.4 1,564.1 578.4 1,096.8 222.4 80.6 4,010.8 1,951.3 208.3 275.7

2 1 5.6 1.4 3.6 0.8 2.0 0.4 171.8 27.6 11.4 7.3 161.8 62.4 2,452.8 363.8 155.8 55.4

2 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2 15 4.8 1.3 3.4 0.6 2.0 0.9 143.8 47.9 11.1 7.7 244.5 15.8 3,078.3 148.5 59.5 24.2
1995 1 1 6.8 1.7 4.1 3.0 3.3 2.5 159.8 26.5 13.7 7.1 128.3 49.9 2,483.6 384.9 165.8 43.5

1 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

1 22 404.3 281.1 308.0 145.8 299.9 136.4 8,611.2 2,459.1 7,067.8 1,517.5 7.7 8.4 13,879.0 3,199.7 872.6 41.3

2 1 5.7 0.9 4.5 2.5 2.8 1.5 162.9 21.4 15.2 6.9 32.5 55.1 2,454.4 388.1 162.6 34.3
2 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2 18 11.3 8.0 5.3 2.1 2.5 1.2 129.9 4.7 18.9 10.8 55.3 79.2 3,219.0 344.0 105.6 29.5

1996
 a

1 1 4.6 0.7 2.0 0.5 1.9 0.5 185.1 14.5 3.3 3.2 78.7 36.7 2,241.3 138.7 191.3 57.6

1 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

1 24 4.8 0.7 2.6 0.9 2.0 0.5 170.9 13.6 27.3 20.5 203.8 48.3 3,062.5 443.6 131.3 21.5

2 1 5.5 1.1 2.1 0.7 1.9 0.5 174.5 24.4 4.9 3.3 75.9 36.4 2,154.8 138.3 176.0 22.6
2 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2 16 5.8 1.3 2.1 0.2 2.0 0.4 150.4 23.3 8.1 11.8 192.4 18.3 3,033.8 327.9 133.5 17.7

1997 1 1 5.8 1.5 3.7 1.2 3.4 1.5 193.4 51.8 5.7 2.8 46.0 30.1 1,940.3 299.9 183.5 45.6

1 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1 24 5.4 1.1 4.3 2.3 3.4 2.1 150.5 34.3 12.3 6.7 183.3 36.9 2,883.3 492.5 114.5 28.1

2 1 5.8 0.7 3.3 0.9 2.6 0.9 165.3 18.3 5.5 3.5 45.6 32.7 1,932.8 305.3 148.0 29.9

2 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

2 15 6.2 1.7 2.9 1.2 2.6 0.9 155.5 13.6 9.7 6.3 148.2 24.3 2,804.0 405.3 150.8 53.2
1998 1 1 8.4 3.7 5.5 0.8 3.7 1.2 216.3 42.8 22.9 20.0 17.5 10.9 2,002.0 319.7 121.7 52.5

1999 1 1 9.8 4.1 4.1 1.7 2.0 0.5 220.5 38.0 37.4 32.0 32.2 24.8 2149.5 127.7 217.5 29.0

2000 1 1 16.4 11.7 4.6 4.9 1.5 1.0 45.4 20.1 9.2 9.0 53.6 86.5 NA NA NA NA
2001 1 1 13.3 4.6 4.6 2.5 3.7 3.4 105.7 5.3 4.3 7.6 14.8 NA NA NA NA

      Ammonia Nitrate+nitrite   Reactive Silicon Organic carbon
      Total     Filterable    Total Kjeldahl

   Total-P    Filterable-P    Reactive-P        Nitrogen
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Appendix C.22. Summary of seasonal mean nutrient and algal concentrations by station and depth for Lower and Upper
Jennifer Lakes, 1990-1994.

a Water samples were not collected in 1991-1992, and 1995-1998.
na - data not available.

      Total     Filterable Total Kjeldahl
Sta Depth      Total-P   Filterable-P    Reactive-P      Nitrogen     Ammonia Nitrate+nitrite Reactive Silicon Organic carbon Chlorophyll 

Lake Year
a

tions (m) (ug/L P) S.D. (ug/L P) S.D. (ug/L P) S.D. (ug/L N) S.D. (ug/L N) S.D. (ug/L N) S.D. (ug/L Si) S.D. (ug/L) S.D. (ug/L)

Lower 1990 1 1 2.3 0.4 2.8 0.6 2.1 1.0 150.6 26.2 2.6 1.6 1.9 1.9 1074.7 35.2 164.0 54.6 0.17
1 21 13.1 18.3 2.3 0.3 1.8 0.2 211.7 103.1 14.8 6.5 53.4 20.9 1599.0 164.4 134.3 72.9 0.21

Lower 1993 1 1 4.8 0.6 2.8 1.0 1.9 0.5 146.3 4.0 3.7 1.1 15.7 28.3 1878.8 92.5 98.0 16.8 0.40
1 22 4.6 1.1 2.8 1.3 2.2 1.1 123.5 12.8 10.7 5.7 50.6 25.8 2376.0 166.7 82.5 56.8 0.15

Lower 1994 1 1 4.9 0.7 4.8 4.1 3.4 3.8 178.9 11.6 16.4 8.9 184.8 83.8 1885.8 260.2 152.0 73.0 0.38
1 2 na na na na na na na na na na na na na na na na 0.31
1 20 14.8 20.5 3.3 0.6 2.2 0.8 194.3 35.0 26.3 6.9 269.0 22.2 2437.5 209.1 74.5 55.0 0.15

Upper 1993 1 1 3.9 0.5 2.3 0.5 1.8 0.5 148.8 8.2 2.5 1.3 4.2 5.5 1283.3 102.8 127.8 47.3 0.37
1 25 4.3 1.4 2.2 0.4 1.4 0.2 131.2 7.0 8.4 7.0 29.7 8.9 1638.5 171.9 63.8 5.1 0.32

Upper 1994 1 1 5.1 1.2 2.6 1.0 1.6 1.1 159.7 14.2 9.3 2.7 23.2 17.5 1193.8 177.5 117.0 56.8 0.39
1 2 na na na na na na na na na na na na na na na na 0.26
1 21 3.6 1.0 2.4 0.7 1.2 0.3 144.4 12.3 22.4 7.0 84.3 13.6 1588.8 67.0 67.3 23.1 0.13
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Appendix C.23. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Ruth and Sorg
Lakes, 1993-1994.

S.D. - standard deviation.
na - data not available.
nc - not calculated, only one sample was collected through out the field season.

    Total     Filterable Total Kjeldahl
Sta Depth    Total-P  Filterable-P    Reactive-P     Nitrogen   Ammonia Nitrate+nitrite Reactive Silicon Organic carbon Chlorophyll a Phaeophytin 

Lake Year tions (m) (ug/L P) S.D. (ug/L P) S.D. (ug/L P) S.D. (ug/L N) S.D. (ug/L N) S.D. (ug/L N) S.D. (ug/L Si) S.D. (ug/L) S.D. (ug/L) S.D. (ug/L)

Ruth 1994 1 1 4.6 2.2 3.3 0.6 1.5 0.5 176.4 10.8 10.4 2.8 42.1 na 1516.8 277.8 127.0 15.1 0.60 0.2 0.19
1 2 na na na na na na na na na na na na na na na na 0.52 0.1 0.20
1 12 5.3 2.1 4.7 1.8 2.4 0.6 169.8 17.7 21.9 12.6 77.3 33.0 2173.8 195.4 87.0 28.8 0.33 0.2 0.28

Sorg 1993 1 1 3.0 nc 1.7 nc 0.6 nc 124.4 nc <1.7 nc <4.0 nc 2125.0 nc 123.0 nc 0.46 nc 0.31
1 17 5.6 nc 2.8 nc 1.1 nc 116.6 nc <1.7 nc 12.5 nc 2864.0 nc 83.0 nc 0.35 nc 0.42

Sorg 1994 1 1 4.8 0.7 4.5 3.4 2.8 1.7 165.4 26.5 5.7 6.0 21.6 27.8 2542.3 327.8 164.5 54.7 0.78 0.1 0.29
1 2 na na na na na na na na na na na na na na na na 0.74 0.1 0.26
1 14 7.8 6.9 2.5 1.0 1.8 0.5 144.3 13.2 12.0 9.7 57.2 18.2 2529.0 745.4 117.3 47.3 0.35 0.3 0.24
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Appendix C.24. Weighted mean zooplankton density, biomass, and size by genera for Little Kitoi Lake, 1990-2001.

a Stocking includes only juvenile sockeye salmon planted in Little Kitoi Lake, and does not include juvenile coho salmon
planted in Little Kitoi, Elk, and Finger Lakes.

b Only Station 1 was sampled.

                           

No. of Diaptomus Cyclops Bosmina Daphnia Holopedium TOTALS
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density

Year Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2

1990 4 66 0.45 1.18 8,188 10.8 0.63 24,337 18.4 0.29 12,553 14.4 0.53 199 <1 - 45,343
1991 6 34 0.05 0.70 8 2.8 0.55 0 9.2 0.30 0 7.6 0.49 0 0.22 0.42 42
1992 5 0 0.0 - 6,136 7.1 0.59 9,023 6.9 0.29 7,580 8.9 0.53 42 0.08 0.45 22,781
1993 5 85 0.5 1.10 2,840 2.7 0.54 11,348 8.9 0.30 7,749 8.3 0.51 340 0.8 0.53 22,362
1994 4 27 0.05 0.72 3,179 3.1 0.54 25,818 19.1 0.29 12,327 10.8 0.46 136 0.22 0.44 41,487
1995 5 6 0.04 1.18 4,820 5.1 0.57 11,492 8.4 0.29 4,089 4.3 0.50 151 0.23 0.43 20,558
1996 4 319 0.9 0.88 7,378 6.3 0.51 35,934 26.8 0.29 7,484 8.6 0.53 1,274 1.7 0.41 52,388
1997 4 16 0.0 0.68 7,158 6.5 0.53 54,393 44.2 0.30 10,722 9.8 0.47 1,930 2.5 0.41 74,219

1998 4 0 0.00 - 18,373 15.6 0.31 21,924 0.0 - 1,245 0.0 - 0 0.0 - 41,542
1999b

3 0 0.00 - 3,875 3.9 0.33 9,554 0.0 - 371 0.0 - 0 0.0 - 13,800

2000
b

4 0 0.00 - 12,792 11.4 0.52 27,707 24.3 0.32 36,101 46.8 0.56 853 3.3 0.65 77,453

2001b 5 159 0.59 1.01 11,192 12.6 0.71 23,628 24.5 0.34 45,165 53.8 0.56 416 0.7 0.46 80,560
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Appendix C.25.  Weighted mean zooplankton biomass by genera for Little Kitoi Lake, 1990-2001.
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Appendix C.26. Weighted mean zooplankton density, biomass, and size by genera for Lower and Upper Jennifer Lakes, 1990
and 1993-2001.

LOWER JENNIFER LAKE
Station Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium    TOTALS

1 Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density

Year Dates no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

1993 4 2,309 22 1.30 29,485 182 1.14 59,475 161 0.87 26,672 42 0.41 20,886 48 0.73 3,901 28 0.83 142,728
1994 4 Data Not Available.
1995 5 552 11 1.71 29,703 201 1.18 86,730 277 0.94 22,484 41 0.44 63,778 200 0.84 807 5 0.78 204,054
1996 5 212 3 1.46 26,306 124 1.03 106,773 308 0.90 21,932 34 0.41 67,516 181 0.78 4,756 26 0.74 227,495
1997 4 0 0 0.00 43,471 159 0.94 113,588 293 0.85 15,154 24 0.41 29,579 67 0.72 4,644 26 0.75 206,436
1998 No samples collected.
1999 No samples collected.
2000 No samples collected.
2001 3 2,300 7 0.85 12,562 68 1.08 80,502 164 0.88 16,985 37 0.48 6,458 19 0.90 2,035 9 0.65 120,842

UPPER JENNIFER LAKE
Station Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium TOTALS

1 Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density

Year Dates no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

1990 3 88 2 1.85 11,854 98 1.26 116,861 275 0.82 28,751 70 0.51 111,465 502 0.99 8,758 135 1.13 277,777
1993 4 4,379 34 1.21 10,032 75 1.22 98,754 250 0.85 51,142 89 0.43 28,131 68 0.74 1,593 10 0.70 194,031
1994 4 398 7 1.65 31,874 163 1.06 208,942 558 0.87 36,386 84 0.49 55,520 221 0.93 1,991 14 0.81 335,111
1995 5 552 13 1.80 35,223 298 1.27 154,819 485 0.94 82,017 209 0.52 72,399 305 0.96 1,147 9 0.87 346,157
1996 5 764 18 1.78 50,573 310 1.13 107,983 278 0.85 84,120 197 0.50 72,824 291 0.94 1,996 14 0.82 318,260
1997 4 0 0 - 21,099 124 1.12 86,279 206 0.82 31,768 71 0.49 32,272 95 0.81 6,688 33 0.71 178,105
1998 4 0 0 - 10,722 83 1.23 141,986 325 0.79 125,903 263 0.47 32,644 94 0.75 8,387 47 0.75 319,642
1999 4 212 5 1.82 19,506 150 1.23 86,438 238 0.88 64,927 141 0.48 19,506 62 0.83 8,652 64 0.83 199,241
2000 2 4,379 7 0.69 26,274 141 1.08 98,726 184 0.73 16,122 29 0.44 8,460 23 0.78 6,170 36 0.76 160,131
2001 4 1,393 4 0.86 10,400 68 1.15 72,602 159 0.86 55,384 129 0.56 17,864 59 0.94 6,917 47 0.81 164,560
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Appendix C.27. Weighted mean zooplankton biomass by genera for Upper Jennifer Lake, 1990, 1993-
2001.
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Appendix C.28.  Weighted mean zooplankton density, biomass, and size by genera for Ruth Lake, 1994-2001.

Station Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium
1 Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

1994 4 133 2.4 1.64 24,045 134 1.09 165,767 399 0.83 87,500 212 0.51 102,601 392 0.92 2,866 20

1995 4 106 0 0.68 21,656 117 1.08 119,268 358 0.92 39,013 98 0.51 120,595 535 1.00 1,009 8

1996 4 1,964 6 0.85 12,872 100 1.23 160,059 348 0.79 51,035 120 0.50 88,535 375 0.98 239 1.0

1997 4 4,644 15 0.89 372 1 0.82 16,508 48 0.90 3,569 4 0.35 69,228 124 0.65 4,087 14

1998 4 1,088 4 0.93 239 1 0.93 10,497 20 0.71 44,879 39 0.30 79,446 116 0.76 9,236 23

1999 4 531 1 0.73 106 1 1.11 9,023 28 0.92 54,379 43 0.30 91,574 133 0.58 7,776 14

2000 2 0 0 - 0 0 - 995 1 0.54 35,364 27 0.29 12,487 14 0.52 1,633 3

2001 4 672 1 0.69 0 0 - 796 1 0.59 26,791 37 0.40 96,970 148 0.64 8,957 18
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Appendix C.29.  Weighted mean zooplankton biomass by genera for Ruth Lake, 1994-2001.
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Appendix C.30. Weighted mean zooplankton density, biomass, and size by genera for Sorg Lake, 1993-1997.

Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density

Year Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2

1993 1 1,062 1.7 0.70 318 1.5 1.04 1,433 0.6 0.37 13,748 8.9 0.27 7,060 8.9 0.55 212
1994 4 11,346 48.3 0.98 12,261 46.6 0.96 2,773 2.6 0.53 43,591 35.1 0.30 14,239 20.7 0.59 159
1995 4 4,671 12.0 0.82 10,510 51.8 1.05 10,576 11.9 0.58 15,035 11.9 0.30 8,705 10.7 0.54 53
1996 4 3,002 7.4 0.81 10,467 46.2 1.01 5,083 5.2 0.55 15,802 14.2 0.32 2,919 3.1 0.50 101
1997 4 3,766 9.7 0.82 3,302 13.0 0.97 8,116 5.9 0.47 27,076 20.8 0.29 4,537 5.1 0.52 486
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Appendix C.31. Weighted mean zooplankton biomass by genera for Sorg Lake, 1993-1997.
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Appendix C.32. Historical mean water temperatures measured at four stations in Kitoi Bay from mid-May to mid-August,
1990-2001.

Big Kitoi - outer Bay (station 1) - Depth (m) Big Kitoi - inner Bay (station 2) - Depth (m)
Year 0.0 0.5 1.0 2.0 3.0 0.0 0.5 1.0 2.0 3.0
1990
1991
1992 13.1 13.1 12.7 11.8 11.2
1993 11.3 11.2 11.1 10.5 9.8
1994 8.9 8.5 8.1 7.8 7.1
1995 10.7 10.4 9.5 8.8 8.2 9.8 10.1 9.3 8.8 8.4
1996 11.3 11.1 10.8 10.4 10.1 10.1 10.0 10.0 9.9 9.7
1997 10.3 10.0 9.6 9.3 9.1 11.2 11.0 10.4 9.7 9.1
1998 8.6 8.5 8.7 8.7 8.5 8.5 8.5 8.5 8.5 8.4
1999 8.2 8.2 8.2 7.3 7.2 8.2 7.8 8.0 7.3 6.8
2000 7.8 7.5 7.5 7.5 7.5 9.0 8.6 8.3 8.1 7.8
2001 8.0 8.0 8.0 7.8 7.8 8.2 7.7 7.8 7.7 7.5

Little Kitoi - outer Bay (station 3) - Depth (m) Little Kitoi - inner Bay (station 4) - Depth (m)
Year 0.0 0.5 1.0 2.0 3.0 0.0 0.5 1.0 2.0 3.0
1990 13.5 12.9 12.6 12.4 11.7
1991 12.6 12.0 11.1 10.4 9.8 13.7 12.1 11.3 10.5 9.9
1992 13.3 13.5 12.7 12.1 11.3 14.4 14.5 12.8 12.3 11.4
1993 9.7 10.3 10.0 9.9 9.5 11.3 10.9 10.6 10.1 9.6
1994 8.3 9.4 8.8 8.6 8.3 9.6 9.0 8.5 8.2 8.0
1995 10.8 10.6 9.5 9.0 8.6 11.3 9.6 9.3 8.9 8.5
1996 10.7 10.5 10.3 10.1 10.0 11.6 10.6 10.4 10.3 10.1
1997 11.3 10.6 10.2 9.6 9.5 12.7 9.9 9.4 8.6 8.3
1998 8.5 8.4 8.5 8.4 8.5 8.8 8.4 8.5 8.5 8.5
1999 7.5 7.3 7.0 7.0 6.8
2000 8.8 8.7 8.5 7.8 7.7
2001 8.5 8.3 8.3 8.3 8.2
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Appendix C.33. Historical mean salinity levels measured at four stations in Kitoi Bay from mid-May to mid-
August, 1990-2001.

Big Kitoi - outer Bay (station 1) - Depth (m) Big Kitoi - inner Bay (station 2) - Depth (m)
Year 0.0 0.5 1.0 2.0 3.0 0.0 0.5 1.0 2.0 3.0
1990
1991
1992 28.2 28.6 28.9 29.7 29.7
1993 27.5 27.5 27.5 28.3 29.0
1994 23.3 26.6 27.9 28.2 28.1
1995 19.8 26.1 28.3 29.8 30.3 27.4 28.2 28.7 29.2 29.4
1996 25.3 27.6 28.6 29.2 29.4 29.2 29.4 29.5 29.6 29.9
1997 25.6 26.5 26.7 27.1 27.1 21.8 24.8 25.5 26.1 26.4
1998 14.6 20.0 22.3 23.5 23.7 21.6 21.7 23.2 23.6 23.5
1999 24.8 25.0 25.2 25.5 25.3 21.0 23.0 23.0 24.0 24.0
2000 25.8 26.5 26.0 26.2 26.2 22.9 24.1 24.6 24.8 25.0
2001 26.7 26.7 26.7 26.7 26.7 25.0 25.0 26.2 26.3 26.2

Little Kitoi - outer Bay (station 3) - Depth (m) Little Kitoi - inner Bay (station 4) - Depth (m)
Year 0.0 0.5 1.0 2.0 3.0 0.0 0.5 1.0 2.0 3.0
1990 26.9 30.6 31.2 31.5 31.7
1991 16.6 29.0 30.7 31.7 31.9 5.0 23.5 29.8 31.0 31.9
1992 22.4 27.2 28.3 29.2 29.9 6.2 13.9 28.3 29.1 29.8
1993 15.7 27.1 28.4 28.8 29.2 3.5 19.8 28.0 29.1 29.8
1994 16.5 24.2 26.7 27.5 27.5 5.3 15.4 27.2 28.4 28.9
1995 21.2 26.7 28.4 29.2 29.4 9.2 26.8 27.7 28.4 28.7
1996 26.7 27.3 28.3 28.8 28.6 20.8 25.7 27.5 27.8 28.6
1997 25.7 25.5 26.4 26.6 26.6 6.6 24.9 25.3 26.4 26.3
1998 14.6 19.6 22.1 23.6 24.1 7.5 17.4 22.2 23.8 23.8
1999 25.3 25.3 25.8 25.8 25.9
2000 25.2 25.3 25.3 25.3 25.3
2001 25.8 25.7 26.0 26.0 26.0
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Appendix C.34. Mean zooplankton densities measured in milliliters at three sites in Kitoi
Bay, 1991-2001.

a  Weeks with multiple samples were averaged.

Week statistical Sampling Years
Station ending week 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
mid- 16-May 20 12.0 3.6 1.2 2.5 3.5
Kitoi 23-May 21 0.1 12.0 1.5 2.0 4.0

1 30-May 22 0.6 0.1 1.8 5.5
6-Jun 23 0.1 0.1 1.8 4.8 2.4 50.0 7.0

13-Jun 24 1.2 0.1 6.6 16.8 3.0 3.0
20-Jun 25 1.2 0.1 19.3
27-Jun 26 10.8 4.0

4-Jul 27 6.0
11-Jul 28 48.1
18-Jul 29 16.9
25-Jul 30 96.3 101.1
1-Aug 31
8-Aug 32 45.7

15-Aug 33
22-Aug 34
29-Aug 35

5-Sep 36
12-Sep 37 4.8

Big 16-May 20 2.4 0.9 1.6 3.0
Kitoi 23-May 21 12.0 1.8 2.5 3.5

2 30-May 22 1.1 1.8
6-Jun 23 0.1 11.4 5.4 3.0 30.0 3.0 8.0

13-Jun 24 4.8 10.2 12.0 7.2
20-Jun 25 1.6 20.5 1.5
27-Jun 26 65.0

Little 16-May 20 14.4 1.2 0.9 2.0 4.0
Kitoi 23-May 21 0.1 12.0 2.4 1.5 4.0

3 30-May 22 0.6 0.1 2.4 2.5
6-Jun 23 0.1 0.1 9.0 3.6 2.1 5.0 3.0

13-Jun 24 3.6 0.1 5.4 19.3 16.8 3.0
20-Jun 25 1.2 0.6 14.4
27-Jun 26 7.2 30.0

4-Jul 27 14.4
11-Jul 28 60.2
18-Jul 29 7.2
25-Jul 30 91.5 63.8
1-Aug 31
8-Aug 32 26.5

15-Aug 33
22-Aug 34
29-Aug 35

5-Sep 36
12-Sep 37 6.0
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Appendix C.35. Juvenile sockeye salmon estimates based on townet catches and hydroacoustic fish population
estimates for Little Kitoi Lake, 1994-1995, 1998, and 2000-2001.

a nc - sockeye salmon estimates were not calculated.

               Total Fish Estimates                   Sockeye Estimates Sockeye
                95%  C. I.                 95%  C. I. Composition

Date Number Low High Number Low High (%)

10/31/94 407,708 239,508 575,908 46,886 27,543 66,229 11.5

05/14/95 50,258 32,406 68,110 46,086 29,716 62,456 91.7
07/15/95a 55,205 42,418 67,992 nc nc nc nc

08/18/98 81,261 68,609 93,913 6,176 5,214 7,138 7.6

08/14/00 104,701 91,752 117,650 63,586 56,089 71,083 60.7

08/12/01 80,817 60,178 101,456 38,952 30,534 47,366 48.2
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Appendix C.36. Townet catches from Little Kitoi Lake, 1994-1995 and 1998.

     Catch by Species
              Tow Sockeye Stickleback

Date No. Minutes No. % CPUE No. % CPUE

10/31/94 5 38 39 11.5 1.0 300 88.5 7.9

05/14/95 4 26 11 91.7 0.4 1 8.3 0.0

08/18/98 6 31 14 7.6 0.5 170 92.4 5.5
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Appendix C.37. Mean length, weight, and condition coefficient of juvenile sockeye salmon captured by townet at
Little Kitoi Lake, 1995 and 1998.

Note: Tow net samples collected in 1994 were lost before size information was obtained .

Age-0 Age-1 Age-2
Length Weight Condition Length Weight Condition Length Weight Condition

Year n % (mm) (g) (K) n % (mm) (g) (K) n % (mm) (g) (K)

1995 8 80.0 48.3 1.3 1.15 2 20.0 103.5 13.4 0.95 0 0 0.0 0.0 0.00

1998 9 64.3 57.8 2.1 1.07 4 28.6 72.5 4.3 1.68 1 7.1 64.0 3.0 1.14
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Appendix C.38. Estimated sockeye salmon smolt outmigration from Little Kitoi Lake by week, 1995-1998.

a Excludes zero checks planted in July 1995, which outmigrated the same year (130,184 zero checks).

Stat Week Ending Weekly Totalsa

Week Date 1995 1996 1997 1998 1999 2000 2001
17 25-Apr 221
18 2-May 10 60
19 9-May 91 96 352 1,100 69
20 16-May 97 3,396 1,049 1,272 2,991 6,150
21 23-May 851 10,007 60,358 8,120 2,978 2,118 7,230
22 30-May 6,240 37,177 66,557 25,192 4,137 8,134 16,387
23 6-Jun 37,629 35,816 15,118 14,417 11,962 7,158 26,312
24 13-Jun 69,478 1,722 2,488 65 18,316 2,737 4,722
25 20-Jun 12,655 174 1,690 4,825 10,980 5,987 2,447
26 27-Jun 5,540 257 136 2,722 14,505 889 206
27 4-Jul 1,771 367 7 68 483 488 5
28 11-Jul 407 13 56 0 1 0
29 18-Jul 93 1 0 5
30 25-Jul 69 2 4
31 1-Aug 17,043 1
32 8-Aug 106,199
33 15-Aug 5,231
34 22-Aug 1,220
35 29-Aug 450
36 5-Sep 41

Totala 134,922 88,933 147,509 57,370 63,361 31,603 63,537
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Appendix C.39.  Sockeye salmon smolt outmigration timing from Little Kitoi Lake, 1995-2001.
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Appendix C.40. Mean length, weight, and condition coefficient of Little Kitoi, Jennifer, and Ruth Lake sockeye
salmon smolt sampled, by  age, 1993-2001.

Age-1 Age-2 Age-3
Sampling Length Weight Condition Length Weight Condition Length Weight Condition

Lake Year n % (mm) (g) (K) n % (mm) (g) (K) n % (mm) (g) (K)
Little 1993 38 10.5 63.6 2.0 0.77 306 85.1 70.8 2.8 0.86 16 4.4 82.4 4.7 0.79
Kitoi

1994 115 33.9 65.9 2.2 0.78 224 66.1 69.7 2.7 0.79 0

1995 917 94.3 110.6 11.1 0.77 55 5.7 76.1 3.9 0.75 0

1996 1,011 90.8 92.7 5.8 0.70 102 9.1 66.9 2.1 0.70 1 0.1 92.0 4.9 0.63

1997 1,032 81.6 91.2 6.0 0.73 226 17.9 71.6 2.9 0.74 6 0.5 72.7 2.9 0.74

1998 1,125 83.1 91.1 5.8 0.72 207 15.3 69.4 2.4 0.72 22 1.6 72.7 2.9 0.74

1999 260 26.3 120.2 14.7 0.81 620 62.7 84.8 4.5 0.72 109 11.0 83.9 4.6 0.76

2000 1,311 90.5 114.7 10.3 0.65 122 8.4 105.3 8.1 0.67 15 1.0 91.8 5.6 0.72

2001 512 83.1 107.1 8.5 0.67 104 16.9 93.5 5.3 0.63

Jennifer 1996 181 87.4 116.7 15.2 0.92 26 12.6 146.8 33.1 0.93 0

1997 0 2 66.7 178.0 46.3 0.82 1 33.3 209.0 77.2 0.85

Ruth 1997 128 100.0 123.5 15.9 0.84 0 0

1999 197 100.0 103.3 10.5 0.93 0 0

2000 150 78.5 91.0 6.0 0.79 40 21.0 97.6 7.5 0.80 1 0.5 98.0 7.2 0.76

2001 1 9.1 88.0 5.8 0.85 8 72.7 114.5 12.1 0.80 2 18.2 119.0 12.6 0.75
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Appendix C.41.  Kitoi Bay area commercial salmon harvest, by species, 1974-2001.

a Harvests are a result of stocking projects at Big Kitoi Bay, Little Kitoi Bay, Little Kitoi
Lake, Jennifer, and Ruth Lakes.

b Cost recovery harvest occurred for pinks in 1987-1989 (165,773 - 1987; 298,439 -
1988; 6,641,889 - 1989).

c Total harvest from ADF&G Kodiak statistical areas 252-30 (Izhut Bay), 252-31 (Duck
Bay), and 252-32 (Kitoi Bay) are considered an index of total harvest.

                     Commercial Salmon Harvest a,b,c

Year Pink Chum Coho Sockeye 
1974 8,794
1975 13,012
1976 53,783
1977 49,682
1978 234,409
1979 417,505
1980 886,837
1981 880,276
1982 321,989
1983 192,281
1984 401,178 3,301
1985 3,582,973 5,840
1986 317,753 1,670 3,477
1987 1,050,911 5,749 9,889
1988 693,750 4,001 16,075
1989 0 0 0
1990 619,518 6,322 7,227
1991 1,390,681 31,719 9,359
1992 845,395 9,868 7,681 25,407
1993 12,076,738 11,886 32,517 31,221
1994 2,051,375 10,799 45,884 14,134
1995 4,519,885 215,351 42,235 31,326
1996 979,143 14,189 57,200 21,981
1997 1,213,615 11,029 110,344 50,115
1998 6,272,029 38,118 148,333 75,506
1999 4,057,093 140,896 116,513 63,342
2000 3,659,698 303,783 133,238 50,749
2001 13,126,761 216,266 151,732 48,516

1992-2001 avg. 4,880,173 97,219 84,568 41,230
1997-2001 avg. 5,665,839 142,018 132,032 57,646
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Appendix C.42. Estimated age composition of Little Kitoi Lake sockeye salmon caught in Kitoi Bay (252-32), 1992-2001.

Ages

Year 0.1 0.2 0.3 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.1 3.2 3.3 Total

1992 Number 0 3 2 17 283 101 1 18 199 62 0 0 20 0 706
Percent 0.0 0.4 0.3 2.4 40.1 14.3 0.1 2.5 28.2 8.8 0.0 0.0 2.8 0.0 100

1993 Number 0 0 0 8 328 448 0 60 882 816 4 8 24 118 2,696
Percent 0.0 0.0 0.0 0.3 12.2 16.6 0.0 2.2 32.7 30.3 0.1 0.3 0.9 4.4 100

1994 Number 0 4 0 4 151 165 0 7 301 114 0 0 15 0 760
Percent 0.0 0.5 0.0 0.5 19.8 21.7 0.0 1.0 39.6 15.0 0.0 0.0 1.9 0.0 100

1995 Number 7 0 7 79 137 733 7 52 340 609 0 0 7 0 1,976
Percent 0.3 0.0 0.3 4.0 7.0 37.1 0.3 2.6 17.2 30.8 0.0 0.0 0.3 0.0 100

1996 Number 0 6 0 4,005 1,994 260 0 130 1,680 154 0 0 0 0 8,229
Percent 0.0 0.1 0.0 48.7 24.2 3.2 0.0 1.6 20.4 1.9 0.0 0.0 0.0 0.0 100

1997 Number 46 617 15 3,350 21,334 2,254 31 31 278 278 0 0 0 0 28,235
Percent 0.2 2.2 0.1 11.9 75.6 8.0 0.1 0.1 1.0 1.0 0.0 0.0 0.0 0.0 100

1998 Number 0 72 0 1,739 22,677 8,477 36 72 290 507 0 0 0 0 33,871
Percent 0.0 0.2 0.0 5.1 67.0 25.0 0.1 0.2 0.9 1.5 0.0 0.0 0.0 0.0 100

1999 Number 0 0 0 274 7,061 2,227 11 0 380 42 0 0 11 11 10,016
Percent 0.0 0.0 0.0 2.7 70.5 22.2 0.1 0.0 3.8 0.4 0.0 0.0 0.1 0.1 100

2000 Number 759 5 75 45 8,498 910 0 0 131 139 0 0 33 99 10,694
Percent 7.1 0.0 0.7 0.4 79.5 8.5 0.0 0.0 1.2 1.3 0.0 0.0 0.3 0.9 100

2001 Number 10 2 0 23 242 652 0 132 772 5,009 1 0 5 103 6,951
Percent 0.1 0.0 0.0 0.3 3.5 9.4 0.0 1.9 11.1 72.1 0.0 0.0 0.1 1.5 100
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Appendix D.1. Morphometric map showing limnology and zooplankton
stations (1-4), and beach seine and gillnet sites on Spiridon
Lake.
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Appendix D.2. Juvenile sockeye salmon stocked into Spiridon Lake, 1990-2001.

a Fry are released from April to July at up to 200% of emergent size (normally 0.15 to
0.5 g depending on the stock). Fingerling are released from June to September at a size
of >200%  to <2100% of emergent size (normally 0.3 to 5.25 g depending on the
stock).

Release Life Stagea Total
Year Broodstock fry fingerling Stocked
1990 Upper Station 249,346 249,346
1991 Upper Station 3,300,000 3,300,000
1992 Upper Station 2,200,000 2,200,000

1993 Upper Station 4,246,000 4,246,000
1994 Upper Station 5,676,000 5,676,000
1995 Saltery 2,813,000 1,786,000 4,599,000

1996 Upper Station 1,100,000 3,744,000 4,844,000
1997 Upper Station 5,500,000 1,200,000 6,700,000
1998 Saltery 784,000 2,556,000 3,340,000
1999 Saltery 600,000 2,964,000 3,564,000

2000 Saltery 3,890,000 507,100 4,397,100
2001 Saltery 1,700,600 1,700,600
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Appendix D.3. Spiridon Lake smolt bypass system including the trap and de-watering
tanks (a); pipeline from de-watering tanks to counting tank (b); and
smolt counting tank (c).

c.

b.

a.
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Appendix D.4. Spiridon Lake (Telrod Cove) Terminal Harvest Area (SLTHA) boundaries and ADF&G
camp location in Telrod Cove.
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Appendix D.5. Limnological sampling stations and total samples
collected for Spiridon Lake, 1988-2001.

Sampling Total
Year Stations Samples

1988 1, 2 4
1989 1, 2 5
1990 1, 2 5
1991 1, 2 7
1992 1, 2 6
1993 1, 2 6
1994 1-4 6
1995 1-4 6
1996 1-4 6
1997 1-4 6
1998 1, 2 5
1999 1, 2 6
2000 1, 2 5
2001 1, 2 5



128

Appendix D.6. Summary of seasonal mean water chemistry parameters by station and depth for Spiridon Lake, 1988-
2001.

-Continued-

Sta Depth Sp. Cond. pH Alkalinity Turbidity Color Calcium Magnesium Iron
Year tion (m) (µ mhos/cm) S.D. (Units) S.D. (µ g L- 1) S.D. (NTU) S.D. (Pt units) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L- 1) S.D.
1988 1 1 71.5 1.0 7.1 0.2 20.8 1.7 0.6 0.3 7.0 2.3 6.1 1.0 2.3 0.5 16.5 3.0

1 50 71.5 0.6 7.0 0.1 20.5 1.3 0.6 0.4 5.8 0.5 6.1 0.8 2.2 0.7 12.0 3.3
2 1 71.7 0.6 7.1 0.2 20.0 1.0 0.4 0.1 8.0 0.0 7.7 2.8 1.3 1.6 16.3 5.9
2 50 71.6 0.5 7.0 0.1 19.4 0.9 0.7 0.5 7.4 2.8 5.4 0.2 3.2 1.0 15.0 6.7

1989 1 1 75.0 6.2 7.3 0.2 22.2 2.8 0.3 0.1 13.8 6.4 5.7 1.0 2.0 0.3 8.6 3.6
1 50 76.8 8.6 7.3 0.2 22.8 3.5 0.3 0.1 12.4 3.8 6.3 0.6 2.3 0.7 12.0 9.0
2 1 73.6 1.5 7.3 0.2 21.4 0.9 0.7 0.6 12.0 3.9 5.9 0.4 2.4 0.4 25.2 35.4
2 50 72.6 1.7 7.3 0.1 20.2 4.1 0.8 0.9 14.4 6.2 5.8 0.6 2.4 0.7 84.4 144.4

1990 1 1 76.2 7.2 7.4 0.2 23.7 2.6 0.5 0.4 5.0 1.9 5.7 0.9 2.2 0.6 14.0 8.8
1 50 73.2 1.9 7.3 0.2 23.4 1.5 0.5 0.4 4.8 0.8 6.1 0.6 2.3 0.6 16.4 8.3
2 1 73.0 1.2 7.4 0.1 23.2 1.3 0.5 0.3 6.0 2.8 6.3 0.5 2.0 0.5 19.4 7.3
2 50 73.2 0.8 7.3 0.2 23.0 1.6 0.5 0.4 5.8 2.9 5.7 0.8 2.5 0.6 15.8 12.0

1991 1 1 83.7 23.5 7.3 0.1 21.1 3.6 0.7 0.4 6.6 2.2 6.1 0.4 2.4 0.8 23.0 23.9
1 50 75.4 4.0 7.3 0.1 22.1 2.0 1.5 2.1 7.4 3.9 6.2 0.7 2.4 0.5 113.9 232.1
2 1 74.3 4.4 7.4 0.1 23.0 0.6 0.7 0.5 8.4 5.9 6.4 0.4 2.3 0.3 22.4 13.8
2 50 75.0 1.7 7.3 0.2 25.9 8.0 0.8 0.4 6.1 4.1 6.1 0.6 2.2 0.4 29.4 25.3

1992 1 1 72.8 1.3 7.1 0.1 20.4 0.8 0.7 0.3 4.2 0.4 5.9 0.7 2.5 0.8 20.5 9.2
1 50 74.3 0.5 7.1 0.1 20.8 0.4 0.5 0.1 8.0 4.8 6.2 0.5 2.3 0.5 19.7 9.3
2 1 74.2 0.8 7.2 0.1 21.0 0.0 0.6 0.3 8.2 4.3 6.2 0.7 2.5 1.0 18.2 7.6
2 50 73.8 0.4 7.0 0.1 20.7 0.4 0.7 0.5 4.2 2.5 6.0 0.9 2.2 0.4 14.6 4.4

1993 1 1 80.3 5.2 7.3 0.6 23.1 2.5 1.1 1.3 3.5 0.8 6.7 1.6 2.2 0.6 15.8 9.7
1 50 89.2 28.0 7.0 0.4 22.3 2.3 1.0 0.6 3.5 0.8 6.2 0.7 2.8 1.0 23.0 15.1
2 1 79.8 5.6 7.3 0.6 23.6 2.8 0.8 0.6 4.8 2.4 6.5 1.2 2.5 0.4 15.0 7.6
2 50 78.3 2.4 7.0 0.1 21.8 0.8 0.4 0.1 4.5 2.1 6.1 0.6 2.5 0.4 13.7 7.3

1994 1 1 77.3 0.8 6.9 0.4 21.8 1.3 0.4 0.1 8.5 1.5 6.3 0.5 2.2 0.3 7.7 9.1
1 50 78.7 2.3 6.9 0.3 21.9 0.9 0.3 0.1 8.0 1.5 6.3 0.5 2.4 0.7 5.3 4.4
2 1 77.3 1.0 7.0 0.3 22.1 0.8 0.4 0.1 9.2 2.3 6.1 0.4 2.5 0.7 18.2 25.2
2 50 77.7 0.8 6.9 0.3 22.3 0.9 0.7 0.9 7.8 3.3 6.1 0.4 2.3 0.3 31.2 48.1
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Note: Table revised from S.G. Honnold. 1997. The results of sockeye salmon stocking into Spiridon Lake on the
Kodiak National Wildlife Refuge:  juvenile and adult production, commercial harvest, and ecosystem effects,
1987-2001.

SD-standard deviation; na-not available.

Sta Depth Sp. Cond. pH Alkalinity Turbidity Color Calcium Magnesium Iron

Year tion (m) (µ mhos/cm) S.D. (Units) S.D. (µ g L- 1) S.D. (NTU) S.D. (Pt units) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L- 1) S.D.
1995 1 1 76.0 3.1 6.8 0.1 21.7 0.5 1.0 0.7 4.2 1.5 5.6 0.2 2.4 0.3 10.8 4.6

1 50 75.4 1.5 6.9 0.1 22.5 2.0 0.7 0.5 5.5 2.3 5.8 0.5 2.8 0.8 9.0 6.0
2 1 76.3 2.8 7.0 0.1 22.3 0.7 0.7 0.6 3.7 1.2 5.8 0.3 2.3 0.5 11.3 6.3
2 50 76.0 2.0 6.9 0.2 22.8 1.2 0.7 0.6 6.3 4.6 5.8 0.3 2.3 0.5 11.3 5.4

1996 1 1 77.0 2.8 7.0 0.2 22.4 0.6 0.6 0.2 4.2 0.8 5.5 0.1 2.6 0.2 10.7 4.5
1 50 77.3 3.0 7.0 0.1 22.6 1.1 0.6 0.3 4.8 1.8 5.5 0.1 2.6 0.2 8.8 4.0
2 1 76.8 1.5 7.2 0.1 22.0 0.4 0.6 0.4 4.0 0.6 5.5 0.1 2.6 0.2 13.5 9.6
2 50 77.7 2.4 7.0 0.1 22.0 0.5 0.6 0.2 5.8 3.5 5.5 0.1 2.6 0.2 7.7 1.4

1997 1 1 75.7 3.3 7.6 0.3 24.8 2.6 0.5 0.1 7.8 5.6 5.8 0.9 2.5 0.4 13.8 3.9
1 2 na na na na na na na na na na na na na na na na
1 50 75.2 0.4 7.4 0.1 23.6 0.6 0.5 0.1 5.7 1.4 5.4 0.2 2.4 0.5 11.5 5.3
2 1 75.3 0.5 7.5 0.0 24.1 1.0 0.5 0.1 5.3 2.2 5.5 0.2 2.5 0.4 12.5 5.5
2 2 na na na na na na na na na na na na na na na na
2 50 75.0 0.6 7.4 0.1 23.7 0.6 0.4 0.1 7.5 2.1 5.4 0.3 2.7 0.4 10.8 5.0

1998 1 1 72.3 0.5 7.4 0.1 24.5 2.0 1.0 0.4 7.5 3.4 5.8 0.2 2.4 0.1 11.5 5.7
1 50 73.8 0.5 7.3 0.1 22.9 0.7 0.7 0.4 5.5 0.6 5.7 0.1 2.5 0.0 9.3 4.6
2 1 74.0 0.8 7.4 0.1 24.6 1.9 1.0 0.7 5.8 2.9 5.7 0.1 2.5 0.1 10.8 5.9
2 50 72.0 3.4 7.3 0.0 23.7 1.5 0.6 0.4 5.0 0.8 5.7 0.1 2.5 0.1 9.3 5.3

1999 1 1 70.3 1.7 7.2 0.3 22.3 0.7 0.4 0.1 4.0 0.8 5.7 0.1 2.6 0.1 28.3 16.0
1 50 71.5 1.7 7.2 0.2 22.4 0.5 0.6 0.5 3.5 1.3 5.9 0.1 2.4 0.0 29.0 16.8
2 1 71.2 1.3 7.1 0.2 22.4 0.8 0.6 0.4 4.2 0.8 5.7 0.1 2.5 0.2 25.8 15.3
2 50 72.0 0.7 7.1 0.2 22.1 0.4 0.6 0.4 3.2 0.4 5.7 0.1 2.5 0.1 24.4 10.6

2000 1 1 na na 7.6 0.2 13.3 1.3 na na na na na na na na na na
2 1 na na 7.6 0.2 13.7 1.3 na na na na na na na na na na

2001 1 1 na na 7.5 0.4 19.3 4.1 na na na na na na na na na na
2 1 na na 7.5 0.4 19.4 3.8 na na na na na na na na na na
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Appendix D.7. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for
Spiridon Lake, 1988-2001.

-Continued-

Total filter- Filterable Total Kjel- Nitrate + Reactive
Sta Depth Total - P able - P reactive - P dahl - N Ammonia nitrite silicon Chlorophyll a

Year tion (m) (µ g L-1) S.D. (µ g L-1) S.D. (µg L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D.
1988 1 1 3.8 1.4 3.0 1.1 2.5 1.2 102.8 11.4 9.9 2.7 220.5 26.0 2,171 160 0.45 0.1

1 50 3.8 0.6 2.2 0.6 1.7 0.5 94.9 9.0 11.2 5.5 256.9 9.6 2,279 172 0.16 0.1
2 1 3.5 0.1 2.0 0.6 1.8 0.3 100.5 11.3 7.8 6.6 221.3 11.1 2,283 170 0.40 0.1
2 50 4.0 0.6 1.9 0.6 1.8 0.5 91.4 9.9 8.6 4.4 236.2 27.5 2,237 157 0.29 0.1

1989 1 1 3.6 0.7 3.7 1.9 3.0 2.2 103.4 7.6 8.5 2.5 207.1 35.4 2,162 214 0.19 0.1
1 50 4.2 1.0 3.2 1.2 2.4 0.4 97.9 18.6 11.5 7.3 242.8 54.9 2,277 353 0.32 0.2
2 1 6.1 3.7 2.7 1.0 2.5 0.4 114.8 45.7 9.5 5.2 197.9 61.9 2,129 119 0.18 0.1
2 50 7.3 7.8 2.7 0.7 2.7 0.7 104.0 40.1 12.5 11.0 209.8 50.4 2,173 109 0.37 0.3

1990 1 1 3.5 1.8 2.4 0.6 2.0 0.8 92.5 16.5 4.9 2.0 203.4 36.8 2,114 93 0.23 0.1
1 50 3.0 0.7 2.8 0.5 2.0 0.6 85.3 10.9 6.3 2.5 228.5 24.8 2,171 96 0.34 0.2
2 1 2.4 0.6 4.1 3.2 3.3 2.4 83.2 6.4 4.7 1.7 185.0 79.4 2,127 80 0.24 0.1
2 50 2.5 0.8 2.8 1.1 2.9 1.9 87.7 12.3 6.6 2.8 187.3 80.1 2,205 109 0.24 0.1

1991 1 1 4.9 5.9 2.8 0.8 2.6 0.9 93.7 7.3 7.6 4.4 234.0 38.1 2,082 57 0.38 0.1
1 50 5.2 3.7 3.3 2.0 2.8 1.4 87.5 12.9 9.4 4.8 265.1 20.9 2,131 54 0.20 0.1
2 1 3.6 0.8 4.8 3.3 4.6 3.3 91.8 8.6 8.2 4.5 237.0 29.6 2,081 66 0.35 0.1
2 50 3.8 1.5 3.6 3.3 3.4 3.2 88.6 7.4 11.3 5.8 267.7 7.7 2,137 46 0.25 0.1

1992 1 1 3.7 0.6 2.1 0.7 1.5 0.5 89.6 10.1 1.5 0.8 239.5 12.3 2,082 131 0.27 0.1
1 50 4.9 1.4 4.2 3.1 3.7 3.0 87.0 8.0 4.6 3.3 258.7 16.9 2,111 102 0.22 0.1
2 1 3.6 0.3 2.6 1.4 2.4 1.4 98.4 18.2 1.7 0.6 235.2 25.9 2,025 90 0.27 0.2
2 50 4.5 0.8 3.1 2.8 2.0 1.1 83.2 24.8 5.3 3.7 273.4 7.7 2,112 46 0.23 0.1

1993 1 1 2.7 0.9 2.2 1.1 1.6 0.8 93.6 11.2 2.4 1.5 231.6 37.6 2,023 164 0.75 0.2
1 50 3.0 0.9 3.0 4.0 1.8 1.8 90.7 10.8 5.2 3.4 240.2 22.8 2,122 94 0.42 0.2
2 1 2.9 1.0 3.2 3.5 2.6 3.3 97.0 12.0 1.8 0.5 230.3 41.5 2,026 163 0.77 0.3
2 50 2.5 0.1 3.2 2.5 2.8 2.5 85.4 3.8 5.4 3.7 247.7 30.6 2,128 96 0.40 0.2

1994 1 1 3.2 1.3 1.9 1.5 1.5 1.1 101.8 3.9 3.2 4.7 204.3 22.1 2,092 131 0.26 0.2
1 50 3.9 2.0 1.2 0.2 1.1 0.4 97.5 16.1 6.7 3.6 218.1 18.3 2,184 95 0.21 0.1
2 1 2.8 0.7 2.2 1.5 1.4 0.9 105.7 12.8 1.6 1.3 202.1 17.2 2,144 77 0.31 0.1
2 50 3.3 1.2 2.2 1.3 1.9 1.1 105.6 13.2 5.8 2.5 225.7 20.6 2,190 85 0.20 0.1
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Note: Table revised from S.G. Honnold. 1997. The results of sockeye salmon stocking into Spiridon Lake on the
Kodiak National Wildlife Refuge: juvenile and adult production, commercial harvest, and ecosystem effects,
1987-2001.

SD - standard deviation; na - not available.

Total filter- Filterable Total Kjel- Nitrate + Reactive
Sta Depth Total - P able - P reactive - P dahl - N Ammonia nitrite silicon Chlorophyll a

Year tion (m) (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D. (µ g L-1) S.D.
1995 1 1 3.4 2.2 0.9 0.1 0.9 0.2 108.8 12.3 2.2 1.6 203.1 26.8 2,300 95 0.95 0.49

1 50 3.4 1.3 1.5 0.3 1.4 0.4 105.6 20.4 3.5 2.4 241.6 6.6 2,340 105 0.58 0.44
2 1 3.9 2.0 1.2 0.4 1.1 0.2 125.2 24.1 2.2 1.0 213.4 19.8 2,297 75 1.02 0.41
2 50 3.2 0.9 0.9 0.2 0.9 0.1 108.2 18.6 4.5 3.0 243.1 9.1 2,329 102 0.58 0.45

1996 1 1 2.7 0.6 1.5 0.9 1.0 0.5 113.4 34.1 5.1 2.8 183.6 18.5 2,042 93 0.49 0.16
1 50 3.0 1.1 1.3 0.7 1.0 0.4 90.5 18.5 9.3 5.0 210.8 9.0 2,148 51 0.51 0.23
2 1 2.7 0.7 1.4 0.7 1.1 0.3 105.5 20.7 5.6 1.6 180.2 14.4 2,083 82 0.47 0.14
2 50 4.4 1.7 1.5 0.7 1.5 1.3 101.1 16.9 10.2 4.1 217.9 2.4 2,179 82 0.57 0.33

1997 1 1 3.0 0.6 3.4 3.5 3.5 4.1 103.6 12.0 11.2 5.8 147.4 31.1 2154.8 63.8 0.57 0.3
1 2 na na na na na na na na na na na na na na 0.58 0.4
1 50 2.8 0.7 1.8 0.4 1.8 0.5 90.5 5.2 11.1 6.3 191.0 19.7 2222.7 98.3 0.38 0.2
2 1 3.1 0.9 3.2 3.3 3.1 3.2 106.1 11.3 11.2 6.4 168.2 25.2 2138.7 102.6 0.59 0.3
2 2 na na na na na na na na na na na na na na 0.57 0.3
2 50 3.8 1.5 3.1 1.0 3.2 1.0 107.4 30.3 10.7 6.2 188.3 17.5 2205.2 82.6 0.44 0.2

1998 1 1 4.8 1.6 2.7 1.8 1.7 1.0 138.3 20.5 8.4 6.1 121.5 24.7 2239.3 174.3 0.43 0.3
1 50 4.0 0.4 1.6 0.8 1.3 0.5 118.4 10.1 10.2 5.4 174.4 19.6 2355.3 42.4 0.14 0.0
2 1 3.9 1.2 1.5 1.1 1.4 0.6 124.6 10.1 4.9 1.4 148.3 12.2 2262.3 105.2 0.38 0.3
2 50 4.0 1.7 1.5 0.9 1.5 0.7 122.9 12.0 9.6 4.5 171.9 26.4 2296.5 93.3 0.21 0.1

1999 1 1 4.0 2.5 1.9 0.5 1.5 0.5 93.0 4.8 6.4 2.9 188.0 33.8 2,432.0 141.1 0.49 0.3
1 50 3.2 0.4 1.7 0.7 1.2 0.5 92.0 2.7 6.9 3.8 211.4 6.1 2,478.0 207.9 0.15 0.0
2 1 2.7 0.3 2.3 0.7 1.7 0.4 103.5 14.3 6.2 4.1 193.4 24.0 2,465.2 152.0 0.30 0.2
2 50 3.0 0.6 2.3 1.6 1.7 1.4 87.9 15.3 11.2 6.0 208.1 10.1 2,524.6 157.1 0.25 0.1

2000 1 1 7.0 4.5 3.4 3.8 2.3 2.2 na na 8.7 8.6 195.5 1.8 na na 0.58 0.1
2 1 6.1 8.7 3.3 4.6 2.0 2.0 na na 7.5 8.0 184.0 15.7 na na 0.77 0.2

2001 1 1 4.9 3.3 3.5 2.1 1.9 2.0 na na 4.6 4.7 193.8 6.7 na na 0.60 0.3
2 1 6.7 5.1 3.5 3.3 2.7 3.5 na na 2.1 1.3 189.2 7.3 na na 0.60 0.1
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Appendix D.8. Weighted mean zooplankton density, biomass, and size by genera for Spiridon Lake, 1987-2001.

a  Daphnia data are a combination of both species, Daphnia l. and Daphnia r.

No. of Diaptomus Cyclops Bosmina Daphnia
a

Holopedium TOTALS
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

1987 1 131,369 503 0.96 225,318 426 0.74 65,287 203 0.57 54,140 133 0.75 5,573 93 1.17 481,687 1,359
1988 4 53,344 243 1.02 146,961 341 0.81 38,694 129 0.61 19,043 130 1.20 763 4 0.73 258,806 847
1989 5 95,435 293 0.89 317,795 386 0.60 33,559 101 0.56 18,949 83 0.96 3,344 23 0.82 469,081 886
1990 5 111,385 460 0.99 206,688 415 0.76 21,178 69 0.59 30,069 175 1.10 1,486 8 0.69 370,806 1,127
1991 7 113,778 401 0.94 329,343 562 0.70 6,786 20 0.55 32,956 151 0.99 824 18 0.76 483,688 1,151
1992 5 20,328 125 1.13 261,093 768 0.91 11,825 41 0.60 24,893 121 1.01 1,780 16 0.91 319,919 1,072
1993 6 11,047 59 1.06 269,740 455 0.70 16,211 40 0.51 23,932 72 0.80 3,738 35 0.83 324,668 662
1994 6 8,090 45 1.09 240,942 471 0.75 27,941 82 0.55 39,411 98 0.75 7,754 55 0.85 324,139 751
1995 6 12,816 117 1.30 213,531 479 0.81 29,839 74 0.51 28,966 77 0.78 19,836 167 0.83 304,987 915
1996 6 3,096 14 0.99 384,605 832 0.78 28,268 91 0.58 20,846 77 0.92 8,873 83 0.91 445,689 1,096
1997 6 3,176 26 1.26 119,126 287 0.82 31,962 89 0.54 25,177 105 1.00 17,551 132 0.84 196,993 640
1998 5 8,153 63 1.23 354,953 448 0.80 23,652 59 0.55 37,601 120 1.06 16,256 78 0.85 440,615 767
1999 5 5,488 27 1.06 73,291 156 0.78 18,420 60 0.58 10,929 38 0.92 6,900 18 0.35 115,028 299
2000 5 1,430 8 1.13 184,661 233 0.61 21,549 51 0.51 11,225 30 0.78 7,076 43 0.76 225,940 366
2001 5 2,368 23 1.34 32,893 86 1.08 16,577 47 0.62 19,717 62 0.89 7,355 79 1.05 78,910 297
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Appendix D.9. Weighted mean zooplankton biomass by genera for Spiridon Lake, 1987-2001.
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Appendix D.10. Juvenile sockeye salmon estimates based on hydroacoustic fish
population surveys in Spiridon Lake, 1992, and 1994-2001.

a Total fish population estimates include all species residing in the lake. Townet
sampling to determine species composition in the lake was attempted in 1992 and
1994, however, no rearing juvenile sockeye were captured. Juvenile sockeye grow
quickly in size to avoid capture by townet.

                    Total Fish Estimates a

    95%  Confidence Interval
Year Date Number Low High

1992 13-Sep 470,587 263,248 677,926

1994 25-Apr 701,521 586,692 816,350
24-Jun 132,793 85,712 179,874
26-Sep 562,029 406,414 717,644

1995 2-May 770,610 624,763 916,457
27-Jun 166,412 136,694 196,130
29-Sep 1,463,235 970,958 1,955,512

1996 4-May 775,092 480,683 1,069,501
1-Jul 119,466 98,065 140,867

19-Sep 658,871 40,670 1,277,072

1997 28-Apr 719,530 520,732 918,328
7-Jul 592,241 360,022 824,460

11-Sep 1,577,625 1,203,260 1,951,990

1998 25-Apr 1,341,645 1,226,528 1,456,762
15-Sep 2,041,377 1,664,655 2,418,099

1999 6-Oct 2,064,419 1,687,922 2,440,916

2000 13-May 1,681,691 1,449,089 1,914,293

2001 1-May 1,754,217 1,469,665 2,038,769
23-Aug 2,331,383 1,843,645 2,819,122
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Appendix D.11. Daily sockeye salmon smolt emigration estimates from Spiridon Lake, 1992-2001.

-Continued-

Total Smolt Emigration 
Date 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

23 Apr 0 0 0 0 0 0 16 0
24 Apr 0 0 0 0 0 0 106 0
25 Apr 0 0 0 0 1 1 302 0
26 Apr 0 0 0 1 0 1 201 0
27 Apr 0 0 0 0 1 0 140 0
28 Apr 0 0 1 0 0 0 693 0
29 Apr 0 0 1 9 0 1 3,265 0
30 Apr 0 0 7 20 0 79 3,815 0
1 May 0 0 9 52 0 44 1,560 0 0
2 May 0 0 16 68 0 457 502 0 11
3 May 0 0 37 337 10 1,202 2,141 0 9 1
4 May 0 0 11 973 35 2,819 3,799 0 12 0
5 May 0 0 97 300 181 20,378 7,302 0 15 0
6 May 353 15,659 49 1,182 2,184 10,123 27,033 0 25 5
7 May 5,000 4,561 889 1,485 188 5,578 20,765 0 107 2
8 May 466 13,746 542 3,673 169 16,018 5,057 0 47 6
9 May 47 6,253 8,740 2,056 228 108,639 12,243 0 182 4

10 May 6,513 3,953 3,026 4,300 5,196 29,773 78,222 0 90 29
11 May 8,442 709 426 19,021 3,801 6,011 14,998 0 48 27
12 May 73,695 31,664 20,666 3,403 7,800 2,638 60,438 0 36 19
13 May 149,523 50,853 25,627 25,733 3,837 9,926 47,142 2 34 186
14 May 7,768 91,670 27,718 11,061 14,801 163,534 5,291 296 199 319
15 May 184,299 89,746 21,212 30,641 3,422 24,775 4,478 6,835 314 2,037
16 May 101,401 7,280 10,633 51,470 100,606 9,516 43,312 13,396 812 1,243
17 May 37,735 1,136 19,456 27,961 259,686 56,220 4,046 11,231 1,052 9,385
18 May 58,892 1,474 67,357 11,441 116,622 41,144 1,713 39,484 6,544 13,919
19 May 141,103 2,089 33,371 12,812 25,951 45,624 50,534 1,871 20,641 2,685
20 May 96,785 664 13,375 13,322 72,497 58,592 5,968 1,927 8,908 36,752
21 May 62,408 401 58,559 21,205 21,480 67,029 42,070 1,312 32,823 58,067
22 May 87,527 6,675 32,340 27,913 4,585 35,836 60,768 366 73,736 17,773
23 May 20,501 10,568 31,763 71,338 21,288 78,103 22,817 1,147 19,966 10,407
24 May 201,062 950 58,745 39,606 63,983 15,154 9,059 228 54,811 194,029
25 May 159,082 3,124 142,295 35,022 7,083 11,291 24,201 1,660 24,604 49,581
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Appendix D.11   (page 2 of  3)

-Continued-

Date 1992 1993 1994 1995 ` 1997 1998 1999 2000 2001
26 May 2,257 1,876 40,920 26,843 26,474 19,253 14,968 1,671 43,324 168,398
27 May 6,164 98 67,604 7,657 75,210 6,545 6,384 17,217 54,719 252,675
28 May 24,587 71 22,861 26,127 22,810 22,831 32,078 516 48,296 155,436
29 May 12,150 60 18,634 25,385 7,464 6,206 15,118 394 38,355 124,346
30 May 12,350 49 19,779 12,888 21,601 2,323 2,669 31,324 7,098 37,509
31 May 16,862 71 15,585 9,552 19,121 1,695 8,621 21,618 13,817 51,019

1 Jun 1,380 35 11,830 4,828 18,324 2,891 14,473 19,580 5,820 80,592
2 Jun 444 123 12,038 4,918 14,474 3,206 6,472 365,272 28,697 16,084
3 Jun 535 0 4,358 8,476 28,804 1,303 7,579 258,733 20,676 39,065
4 Jun 885 0 4,193 15,749 15,744 1,750 2,853 53,796 16,956 90,013
5 Jun 494 0 2,582 7,148 17,808 980 3,751 13,901 5,844 33,543
6 Jun 793 0 4,223 8,674 8,903 1,430 2,361 5,781 1,069 12,078
7 Jun 890 0 875 4,562 7,135 458 3,359 10,811 493 15,817
8 Jun 476 0 3,825 9,336 8,221 517 489 11,644 9,783 2,259
9 Jun 371 0 1,707 2,885 5,584 379 6,065 3,549 21,043 10,420

10 Jun 103 0 2,601 1,862 2,985 361 2,265 56 42,662 3,758
11 Jun 183 0 5,681 1,191 2,449 263 2,366 5,953 7,966 6,332
12 Jun 73 0 1,765 2,561 2,307 336 2,514 16,825 3,059 7,484
13 Jun 169 0 2,697 1,368 1,895 500 4,766 7,022 1,254 5,604
14 Jun 185 0 2,603 1,527 1,580 191 14,213 3,508 214 5,346
15 Jun 868 0 2,269 1,483 553 795 8,065 318 781 3,043
16 Jun 0 0 1,793 2,508 181 0 5,332 421 6,269 3,052
17 Jun 0 0 2,431 1,825 748 0 2,935 375 4,681 2,616
18 Jun 0 0 1,671 2,066 586 0 195 593 22,647 523
19 Jun 0 0 988 981 695 0 1,491 160 10,207 6,424
20 Jun 0 0 1,580 853 532 0 181 310 5,410 1,286
21 Jun 0 0 1,011 1,077 253 0 414 828 23,022 807
22 Jun 0 0 2,013 1,319 878 0 2,272 336 5,624 543
23 Jun 0 0 1,076 989 1,689 0 216 582 5,344 444
24 Jun 0 0 1,338 374 592 0 172 33 10,447 649
25 Jun 0 0 1,764 748 334 0 73 40 10,385 338
26 Jun 0 0 2,010 478 771 0 1,239 24 15,874 632
27 Jun 0 0 1,218 350 1,379 0 370 530 3,096 319
28 Jun 0 0 979 0 746 0 2,048 373 2,730 418
29 Jun 0 0 1,757 0 430 0 1,344 462 3,034 750
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Appendix D.11   (page 3 of  3)

Date 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
30 Jun 0 0 764 0 291 0 806 565 5,495 7

1 Jul 0 0 435 0 0 0 483 0 1,818 99
2 Jul 0 0 782 0 0 0 385 394 1,814 17
3 Jul 0 0 442 0 0 0 287 52 1,336
4 Jul 0 0 698 0 0 0 160 92 2,340
5 Jul 0 0 0 0 0 0 125 70 365
6 Jul 0 0 0 0 0 0 174 39 2,120
7 Jul 0 0 0 0 0 0 211 90 1,232
8 Jul 0 0 0 0 0 0 103 24 0
9 Jul 0 0 0 0 0 0 109 29 1,252

10 Jul 0 0 0 0 0 0 77 0 0
11 Jul 0 0 0 0 0 0 141 273 3,985
12 Jul 0 0 0 0 0 0 181 0 0
13 Jul 64 4,000
14 Jul 0 804
15 Jul 52 0
16 Jul 0 0
17 Jul 0 1,000
18 Jul 0 0
19 Jul 0 1,000
20 Jul 63 0
21 Jul 718
22 Jul 0
23 Jul 3,409
24 Jul 0
25 Jul 6,000
26 Jul 0
27 Jul 0
28 Jul 1,500
29 Jul 0
30 Jul 0
31 Jul 0
1 Aug 3,000

Totals 1,484,821 345,558 850,348 614,993 1,055,186 894,719 750,946 940,116 792,909 1,540,223
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Appendix D.12. Mean age, length, weight, and condition coefficient for sockeye salmon smolt captured by
trapping at Spiridon Lake, 1991-2001.

a N for age/ N for length, weight, and condition.
b one smolt sampled was age 0. - 96 mm; 6.6 g; 0.75 K

Age-1 Age-2 Age-3
Length Weight Condition Length Weight Condition Length Weight Condition

Year N a (mm) (g) (K) N a (mm) (g) (K) N a (mm) (g) (K)
1991 596 127 19.3 1.08 0 0
1992 1393/1389 115 12.7 0.81 16/14 183 58.9 0.80 0
1993 817/493 116 13.4 0.83 404/240 155 33.8 0.88 2/2 178 50.7 0.90
1994 1477/929 106 9.3 0.78 526/344 152 28.5 0.79 6/4 254 145.8 0.88
1995 1697/999 104 9.2 0.81 1081/667 138 25.1 0.95 6/5 244 102.8 0.84
1996 2224/1573 109 10.3 0.79 694/513 141 20.7 0.73 6/5 221 85.6 0.77
1997 1428/876 102 8.6 0.80 720/441 137 20.6 0.80 11/6 169 41.9 0.81
1998 2205/1496 93 6.3 0.76 727/414 127 15.4 0.75 3/0

1999b 1452/799 95 7.0 0.80 518/336 122 14.1 0.78 2/1 126 15.0 0.75
2000 2263/1700 94 6.8 0.79 507/325 132 18.5 0.8 22/8 142 22.4 0.77

2001 2037/2037 104 8.8 0.78 506/506 136 20.2 0.79 0/0
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Appendix D.13. Commercial harvest of sockeye salmon in the Spiridon Lake Terminal Harvest Area (254-50) by
statistical week, 1994-2001.

Statistical Year

Period Week 1994 1995 1996 1997 1998 1999 2000 2001

26 June 21-June 27 13,046 411

27 June 28-Jul 4 6,700 11,796 1,617 409

28 Jul 5-Jul 11 14,500 13,894 2,108 1,648

29 Jul 12-Jul 18 19,000 23,205 6,998 5,926

30 Jul 19-Jul 25 1,757 16,653 20,280 13,109 10,021

31 Jul 26-Aug 1 3,178 27,066 2,247 11,040 22,892 15,838 7,742

32 Aug 2-Aug 8 312 2,663 34,309 879 2,300 13,921 9,243 10,994

33 Aug 9-Aug 15 77,789 10,600 42,586 4,404 11,000 42,293 13,309 13,317

34 Aug 16-Aug 22 13,890 6,914 45,242 13,067 6,716 13,743 14,192 6,316

35 Aug 23- Aug 29 9,997 3,970 9,923 10,939 2,750 11,555 4,772 2,175

36 Aug 30-Sep 5 13,200 2,461 2,648 15,882 1,000 3,638 334 1,185

37 Sep 6-Sep 12 149 344 13,792 155 0

38 Sep 13-Sep 19 3,174 0 0

Total: 115,188 31,692 162,118 64,384 91,659 190,418 81,931 59,733
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Appendix D.14. Estimated age composition of the adult sockeye salmon harvested in the Spiridon Lake Terminal
Harvest Area, 1994-2001.

a total run  = harvest plus escapement into Telrod Creek.

Ages
Year Sample 0.2 1.1 0.3 1.2 2.1 1.3 0.4 2.2 2.3 3.1 3.2 1.4 2.4

Size Total a

1994 1,329 Percent 0 0 0 100 0 0 0 0 0 0 0 0 0 100
Numbers 0 267 0 266,013 1,069 0 0 0 0 0 0 0 0 267,350

1995 1,313 Percent 0 20 0 60 2 5 0 12 1 0 0 0 0 100
Numbers 97 19,247 97 58,224 1,838 4,739 0 11,219 1,257 0 0 0 0 96,717

1996 1,875 Percent 0 2 0 79 5 0 14 0 0 0 0 0 100
Numbers 0 6,965 0 305,703 17,800 774 0 55,336 0 387 0 0 0 386,966

1997 1,703 Percent 0 3 0 63 3 2 29 0 0 0 0 0 100
Numbers 0 4,123 0 92,175 4,123 3,534 0 43,143 147 0 0 0 0 147,245

1998 1,943 Percent 0 4 0 82 2 1 0 11 1 0 0 0 0 100
Numbers 0 9,061 0 176,466 4,315 1,294 0 23,083 1,079 0 216 216 216 215,729

1999 2,345 Percent 0 0 0 48 0 33 0 17 2 0 0 0 0 100
Numbers 0 1,871 0 223,585 936 152,955 0 81,389 7,016 0 468 468 468 467,752

2000 1,997 Percent 0 0 0 72 0 3 0 18 7 0 0 0 0 100
Numbers 0 202 202 144,769 405 6,074 0 37,053 13,363 0 202 202 202 202,474

2001 1,534 Percent 0 1 0 59 3 17 0 19 1 0 0 0 0 100
Numbers 0 1,620 147 86,168 5,008 25,335 0 27,986 1,031 0 0 0 0 147,295

Mean 1,755 Percent 0 2 0 70 2 10 0 14 1 0 0 0 0 100
Numbers 12 5,420 56 169,138 4,437 24,338 0 34,901 2,987 48 111 111 111 241,441
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Appendix E.1.  Morphometric map showing the limnology and zooplankton stations on Hidden Lake.
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Appendix E.2. Juvenile coho and sockeye salmon releases into Hidden Lake, 1988-1989,
and 1991-2001.

a Fry are released from April to July at up to 200% of emergent size (normally  0.15 to
0.5 g depending on the stock).  Fingerling are released from June to September at a size
of >200% to <2100% of emergent size (normally 0.3 to 5.25 g depending on the stock).
Pre-smolt are released from August to November at a size of >2100% of emergent size
but not yet at the physiological stage of smolting (normally 5 to 13 g.

b Pre smolt releases were air dropped from a fixed wing aircraft.

Release Species Life Stagea Total
Year Broodstock Stocked fry fingerling presmolt Stocked
1988 Big Kitoi Coho 137,585 137,585
1989 Big Kitoi Coho 239,817 239,817
1991 Big Kitoi Coho 250,889 250,889

1992 Afognak Sockeye 260,000 260,000
1993 Afognak Sockeye 554,600 554,600
1994 Afognak Sockeye 250,000 250,000
1995 Afognak Sockeye 98,650 98,650

1996 Afognak Sockeye 252,000 138,800b 390,800

1997 Afognak Sockeye 287,700 167,500b 455,200

1998 Afognak Sockeye 340,400b 340,400

1999 Afognak Sockeye 310,000b 310,000

2000 Afognak Sockeye 172,000 332,400b 504,400

2001 Afognak Sockeye 66,500 249,000b 315,500
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Appendix E.3. Location of the Foul Bay Terminal Harvest Area, ADF&G field camps,
and fish weirs at Hidden Creek and Thorsheim Creek.



144

Appendix E.4. Hidden Creek barrier weir.
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Appendix E.5. Limnological sampling stations and total samples
collected at Hidden Lake, 1987-2001.

Sampling Total
Year Stations Samples
1987 1 3
1989 1 1
1990 1 4
1991 1 5
1992 1 6
1993 1 6
1994 1, 2 7
1995 1, 2 7
1996 1, 2 6
1997 1, 2 6
1998 1 5
1999 1 5
2000 1 5
2001 1 5
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Appendix E.6.  Summary of seasonal mean water chemistry parameters by station and depth for Hidden
Lake, 1987 and 1990-2001.

SD - standard deviation
na - not analyzed

     Specific
Sta Depth  Conductivity            pH          Alkalinity   Turbidity      Color   Calcium Magnesium          Iron

Year tion (m) (umhos/cm) SD (Units) SD (mg/L) SD (NTU) SD (Pt units) SD (mg/L) SD (mg/L) SD (ug/L) SD
1987 1 1 41.3 1.2 6.7 0.2 7.5 1.5 0.5 0.4 9.7 2.1 2.7 0.1 0.4 0.2 83.3 98.5

1 25 42.0 1.7 6.7 0.2 6.7 1.5 0.6 0.4 11.7 2.5 2.8 0.2 0.6 0.2 94.3 86.6
1990 1 1 62.8 2.0 6.9 0.2 8.2 1.3 0.7 0.3 17.0 7.6 3.7 0.6 1.1 0.6 52.0 16.0

1 29 66.3 3.1 6.7 0.2 8.5 0.9 0.5 0.1 13.0 2.0 3.9 0.5 1.1 0.3 39.8 9.3
1991 1 1 45.0 8.2 6.8 0.1 9.0 1.0 0.7 0.4 17.4 6.3 3.3 0.6 0.8 0.1 33.8 14.6

1 30 46.2 8.3 6.8 0.2 10.3 1.9 0.5 0.2 15.6 3.0 3.3 0.5 0.9 0.3 37.8 10.7
1992 1 1 47.0 1.4 6.6 0.1 8.5 1.5 0.7 0.5 10.7 0.8 4.0 0.4 0.8 0.5 33.2 10.4

1 27 47.3 1.0 6.5 0.2 10.6 5.3 0.8 0.7 12.0 1.1 3.5 0.8 1.0 0.6 68.7 88.7
1993 1 1 50.5 3.9 6.6 0.2 9.1 1.4 0.8 0.4 10.2 1.6 3.8 0.4 0.9 0.3 34.8 9.3

1 42 50.3 3.1 6.5 0.2 8.8 1.0 0.6 0.5 10.7 2.3 4.0 0.2 0.9 0.3 54.0 27.2
1994 1 1 47.9 2.9 6.5 0.2 7.2 0.6 0.7 0.3 11.6 1.5 3.2 0.5 1.0 0.3 56.2 22.7

1 2 na na na na na na na na na na na na na na na na
1 40 46.6 1.3 6.3 0.3 7.1 0.7 0.5 0.3 12.6 1.0 3.0 0.1 0.9 0.3 46.8 17.5

1995 1 1 50.0 4.2 6.4 0.1 8.7 1.5 0.9 0.9 15.3 5.7 3.0 0.5 1.0 0.6 78.6 104.4
1 2 na na na na na na na na na na na na na na na na
1 43 50.3 1.4 6.2 0.1 7.3 0.2 0.4 0.2 12.3 1.8 2.8 0.3 0.8 0.5 38.9 7.4

1996 1 1 50.3 1.6 6.6 0.2 8.2 0.7 0.8 0.7 14.8 1.9 2.9 0.3 0.9 0.4 36.8 9.5
1 2 na na na na na na na na na na na na na na na na
1 42 51.5 1.6 6.3 0.1 7.4 0.3 0.5 0.3 16.5 2.1 2.7 0.1 0.9 0.4 22.8 7.5

1997 1 1 49.2 1.2 6.9 0.1 9.9 1.5 0.4 0.1 12.0 1.7 2.9 0.2 0.8 0.3 29.3 9.3
1 2 na na na na na na na na na na na na na na na na
1 43 50.5 0.8 6.7 0.1 9.6 0.7 0.4 0.1 14.3 1.9 2.8 0.1 0.8 0.3 28.3 8.4

1998 1 1 43.3 1.0 6.9 0.0 9.8 1.7 0.9 0.5 13.3 1.0 3.0 0.5 0.7 0.2 24.5 6.6
1 2 na na na na na na na na na na na na na na na na
1 42 44.8 1.5 6.8 0.1 9.3 0.5 0.9 0.4 13.8 0.4 3.0 0.5 0.7 0.2 26.1 3.5

1999 1 1 49.4 1.5 6.8 0.3 8.9 0.7 0.6 0.6 11.6 1.1 3.3 0.3 1.0 0.2 41.8 12.5

1 2 na na na na na na na na na na na na na na na na

1 42 50.2 0.8 6.6 0.2 8.4 0.5 0.5 0.3 11.4 0.5 3.4 0.1 1.0 0.2 40.4 8.0

2000 1 1 na na 7.3 0.2 7.2 1.1 na na na na na na na na na na

2001 1 1 na na 7.2 0.1 8.1 1.5 na na na na na na na na na na
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Appendix E.7. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Hidden Lake, 1987
and 1990-2001.

SD - standard deviation
na - not analyzed

Filterable   Total Kjel-
Sta Depth    Total-P Total filterable-P  reactive-P  dahl nitrogen   Ammonia Nitrate+nitrite Reactive silicon Organic carbon Chlorophyll a

Year tion (m) (ug/L P) SD (ug/L P) SD (ug/L P) SD (ug/L N) SD (ug/L N) SD (ug/L N) SD (ug/L Si) SD (ug/L) SD (ug/L) SD
1987 1 1 4.2 0.4 2.2 0.7 0.9 0.1 90.1 2.4 4.3 3.1 82.0 11.7 1840.0 436.6 49.3 14.5 0.15 0.0

1 25 4.0 1.6 2.9 0.9 1.1 0.2 80.7 11.4 4.6 3.2 90.9 5.7 1875.0 454.7 78.3 38.0 0.06 0.1
1990 1 1 3.9 2.2 3.6 3.8 2.1 1.1 101.3 48.7 3.8 4.3 65.9 11.3 1906.8 318.5 151.5 71.3 0.29 0.0

1 29 2.1 1.2 1.4 0.3 1.2 0.2 79.2 34.0 6.1 2.3 88.7 16.4 1956.5 172.9 120.5 67.2 0.11 0.0
1991 1 1 4.1 1.9 4.0 3.1 3.4 2.6 75.2 44.5 12.0 4.1 53.4 25.1 1727.4 83.1 na na 0.18 0.1

1 30 3.1 0.7 2.5 0.7 1.9 0.8 82.9 19.1 13.6 3.4 70.4 13.7 1733.8 205.8 na na 0.07 0.1
1992 1 1 4.0 0.4 2.0 0.4 1.8 0.2 93.7 41.0 4.1 2.9 64.9 15.8 1746.5 74.0 87.0 29.8 0.22 0.1

1 27 5.1 3.8 2.5 0.9 2.4 1.1 98.8 34.3 3.7 2.5 74.3 16.0 1806.0 99.2 130.2 155.1 0.11 0.1
1993 1 1 3.7 2.6 5.1 6.3 3.0 3.3 102.0 30.9 12.6 11.4 45.7 22.1 1721.7 133.1 na na 0.79 0.4

1 42 3.1 1.6 2.4 1.1 1.9 1.1 84.2 23.4 16.2 9.0 90.4 16.1 1896.0 82.5 na na 0.20 0.2
1994 1 1 4.6 1.7 1.7 0.5 1.2 0.5 120.3 33.3 4.3 2.5 19.7 19.9 1651.6 101.5 178.3 91.0 1.11 0.3

1 2 na na na na na na na na na na na na na na na na 0.87 0.9
1 40 4.3 2.3 1.5 0.5 1.2 0.4 88.2 17.7 7.4 3.8 54.9 3.4 1813.9 82.5 66.0 47.2 0.08 0.1

1995 1 1 3.8 2.2 2.2 1.6 1.7 1.2 108.6 24.6 9.7 3.0 39.4 15.8 1893.9 248.5 na na 0.77 0.3
1 2 na na na na na na na na na na na na na na na na 0.70 0.3
1 43 3.6 2.2 2.0 0.8 1.3 0.7 91.7 12.9 10.2 1.9 64.2 3.6 1934.7 112.9 na na 0.22 0.2

1996 1 1 3.4 0.9 3.6 0.4 1.9 0.2 92.6 8.0 3.8 4.6 38.9 13.8 1650.3 85.1 na na 0.51 0.1
1 2 na na na na na na na na na na na na na na na na 0.46 0.1
1 42 3.7 1.5 3.6 0.8 1.9 0.4 80.4 7.1 7.2 3.7 72.5 5.1 1754.7 30.3 na na 0.14 0.1

1997 1 1 3.1 1.4 1.9 0.4 1.6 0.3 93.0 8.8 7.8 8.3 20.1 13.2 1792.5 136.3 84.3 16.4 0.39 0.1
1 2 na na na na na na na na na na na na na na na na 0.41 0.1
1 43 3.3 1.2 2.7 1.1 2.2 1.1 87.7 14.2 15.1 9.5 47.7 3.0 1908.8 136.2 56.3 9.7 0.12 0.1

1998 1 1 3.1 1.0 2.4 0.8 1.7 0.9 100.5 11.5 5.5 4.5 13.3 4.8 1651.0 227.2 80.0 27.4 0.45 0.2
1 2 na na na na na na na na na na na na na na na na 0.18 0.2
1 42 3.2 0.5 2.5 0.8 1.8 0.8 98.2 16.6 6.4 3.8 17.2 5.8 1627.5 214.0 113.8 51.8 0.38 0.2

1999 1 1 3.1 0.4 1.7 0.3 1.2 0.3 92.8 8.9 10.7 1.6 51.3 20.7 1857.0 46.3 126.8 23.1 0.17 0.10
1 2 na na na na na na na na na na na na na na na na na na
1 42 3.2 0.3 1.9 0.2 1.3 0.3 81.0 7.3 15.1 4.4 73.0 10.3 1997.6 83.8 100.4 28.6 0.09 0.08

2000 1 1 4.9 4.0 2.8 1.3 1.4 1.1 <60 na 11.9 10.3 83.1 31.2 na na na na 1.03 1.24
2001 1 1 5.1 1.8 4.1 2.6 3.3 3.7 94.7 na 3.4 3.2 35.5 25.5 na na na na 0.64 0.23
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Appendix E.8. Weighted mean zooplankton density, biomass, and size by genera for Hidden Lake, 1987, and 1989-2001.

a Samples taken from station 1 only.

Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium
of Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Samples no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1987a
3 204 4 1.74 24,080 72 0.88 90,499 208 0.81 31,766 82 0.52 23,629 78 0.86 6,281 66

1989
a

1 2,654 44 1.58 91,826 259 0.98 107,219 203 0.74 91,826 226 0.51 16,985 76 0.99 4,246 38

1990a 4 133 4 1.92 33,174 152 1.02 92,622 226 0.83 30,852 90 0.55 15,061 51 0.87 1,526 16

1991a 5 411 7 1.60 23,447 81 0.93 82,307 190 0.81 15,864 44 0.54 5,320 14 0.77 3,372 53

1992a
6 288 3 1.37 17,693 37 0.77 51,177 101 0.76 13,498 35 0.52 1,894 5 0.81 3,813 43

1993
a

6 1,561 11 1.17 0 0 - 12,062 26 0.79 3,463 8 0.50 20,510 39 0.66 8,364 60
1994 7 4,589 32 1.22 0 0 - 4,384 13 0.89 25,239 52 0.47 13,835 37 0.77 19,193 159
1995 7 1,892 9 1.02 76 0.6 1.23 34,141 85 0.85 30,965 71 0.49 8,245 20 0.74 9,851 81
1996 6 3,185 12 0.95 35 0.2 1.10 70,897 166 0.82 21,447 45 0.46 650 1 0.62 6,420 42
1997 6 1,018 8 1.16 47 0.1 0.70 12,515 26 0.76 9,205 14 0.40 7,774 16 0.67 8,887 67

1998a 5 1,316 11 1.25 0 0 - 45,527 123 0.85 29,667 68 0.49 18,605 44 0.73 4,242 24

1999a 5 1,656 17 1.33 0 0 - 8,630 13 0.40 0 0 - 6,136 60 0.93 0 0

2000a
5 955 6 1.15 0 0 - 13,142 23 0.71 8,099 19 0.50 1,142 2 0.59 6,594 35

2001a
5 3,510 15 0.98 0 0 - 6,200 19 1.01 10,230 23 0.48 799 2 0.91 9,711 24



a Samples taken from one station only.
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Appendix E.9. Weighted mean zooplankton biomass by genera for Hidden Lake, 1987 and 1989-2001.
________________________

0

100

200

300

400

500

600

700

800

900

1987a 1989a 1990a 1991a 1992a 1993a 1994 1995 1996 1997 1998a 1999a 2000a 2001a

Z
oo

pl
an

kt
on

 B
io

m
as

s 
(m

g/
m

 2  )

Bosmina Daphnia Cyclops Holopedium Epischura Diaptomus



150

Appendix E.10. Juvenile sockeye salmon estimates based on hydroacoustic fish
population surveys of Hidden Lake, 1994-1998 and 2000-2001.

a Townet surveys were discontinued due to sockeye avoidance of the trawl net.

             Sample
Year Month Number Low High

1994 October 91,181 63,700 118,662

1995 November 75,149 35,690 114,608

1996 May 34,347 8,084 60,610
July 21,241 12,264 30,218

October 175,154 111,678 238,630

1997 May 103,310 51,157 155,463
June 25,659 4,603 46,715

1998 April 115,768 90,556 140,980

1999 No surveys were conducted

2000 May 107,390 84,335 130,445

2001 May 24,444 17,719 31,169

Sockeye Salmon Estimatesa

95% Confidence Interval 
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Appendix E.11. Mean age, length, weight, and condition coefficient sockeye salmon smolt collected from Hidden
Creek, 1993-2001.

        Age-1         Age-2
Statistical Mean Mean Condition Mean Mean Condition

Year Week Date Sample Length Weight Factor Sample Length Weight Factor
Size (mm) (g) (K) Size (mm) (g) (K)

1993 21 May 17-23 324 100.5 8.5 0.83 0 0.0 0.0 0.00

1994 24-27 June 7-July 4 214 122.9 16.2 0.87 4 145.0 29.1 0.92

1995 23-26 May 31-June 27 148 124.5 20.5 1.00 5 164.3 45.8 1.02

1996 23-25 May 31-June 20 426 125.3 18.4 0.94 14 159.5 41.6 0.95

1997 23-26 May 31-June 27 439 109.2 11.4 0.87 3 120.0 14.7 0.78

1998 22-26 May 24-June 27 455 111.1 12.3 0.89 7 140.0 24.1 0.87

1999 23-26 May 31-June 27 262 96.6 7.4 0.81 0 0.0 0.0 0.00

2000 23-25 May 31-June 20 509 113.4 12.5 0.85 12 146.8 28.6 0.88

2001 22-26 May 27-June 23 441 95.5 7.4 0.85 6 97.7 8.1 0.85
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Appendix E.12. Daily harvest of sockeye, pink and chum salmon in the Foul Bay Terminal Harvest Area  (statistical
area 251-41) and outer Foul Bay (statistical area 251-40), 1995-2001.

-Continued-

SOCKEYE PINK CHUM
DATE 1995 1996 1997 1998 1999 2000 2001 1995 1996 1997 1998 1999 2000 2001 1995 1996 1997 1998 1999 2000 2001
9-Jun 0 14,890 0 567 3,720 10,037 12,726 0 0 0 0 0 0 0 0 0 0 0 1 0 0

10-Jun 5,357 2,962 0 1,770 5,617 2,340 5,576 0 0 0 0 0 1 0 0 20 0 0 0 6 29
11-Jun 4,460 4,816 0 1,431 0 590 0 0 0 0 0 0 0 0 0 0 0 43 0 17 0
12-Jun 2,208 2,173 0 958 2,612 2,424 1,760 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13-Jun 0 0 425 1,825 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
14-Jun 5,832 0 0 0 0 1,867 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15-Jun 1,691 0 0 661 0 0 1,615 0 0 0 0 0 0 0 3 0 0 0 0 0 0
16-Jun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17-Jun 3,378 70 0 362 0 1,101 526 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-Jun 0 668 0 682 1,500 0 426 0 0 0 0 0 0 0 0 9 0 0 0 0 0
19-Jun 3,093 0 0 235 0 0 458 20 0 0 0 0 0 0 5 0 0 0 0 0 0
20-Jun 654 0 0 0 0 1,429 638 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21-Jun 153 0 1,484 712 1,368 884 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22-Jun 1,625 1,397 2,388 0 1,751 225 636 0 7 0 0 0 0 0 0 34 0 0 0 0 0
23-Jun 733 0 5,256 0 1,356 48 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
24-Jun 0 250 3,030 0 2,315 0 1,716 0 0 5 0 0 0 0 0 0 2 0 1 0 0
25-Jun 0 568 867 0 1,031 1,498 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
26-Jun 0 122 580 0 768 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27-Jun 1,360 122 0 421 561 408 0 0 0 0 47 0 0 0 0 0 0 12 0 0 0
28-Jun 0 0 0 0 211 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
29-Jun 646 392 146 0 1,246 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30-Jun 0 0 0 46 874 0 688 0 0 0 8 0 0 0 0 0 0 2 0 0 0

1-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2-Jul 0 0 0 0 237 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4-Jul 0 0 0 0 0 0 389 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5-Jul 0 0 0 0 0 0 339 0 0 0 0 0 0 1,141 0 0 0 0 0 0 24
6-Jul 0 0 0 0 0 2,321 0 0 0 0 0 0 442 0 0 0 0 0 0 225 0
7-Jul 0 0 0 0 310 110 160 0 0 0 0 39 0 1,054 0 0 0 0 9 0 22
8-Jul 0 0 0 0 0 483 0 0 0 0 0 0 127 0 0 0 0 0 0 103 0
9-Jul 0 0 0 0 0 272 0 0 0 0 0 0 10 0 0 0 0 0 0 25 0
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Appendix E.12. (Page 2 of 2)

DATE SOCKEYE PINK CHUM
1995 1996 1997 1998 1999 2000 2001 1995 1996 1997 1998 1999 2000 2001 1995 1996 1997 1998 1999 2000 2001

10-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
13-Jul 0 0 0 0 0 805 0 0 0 0 0 0 961 0 0 0 0 0 0 28 0
14-Jul 0 0 0 0 0 581 0 0 0 0 0 0 853 0 0 0 0 0 0 113 0
15-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
20-Jul 0 0 0 0 0 70 0 0 0 0 0 0 1,440 0 0 0 0 0 0 201 0
21-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
22-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
23-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
24-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
25-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
26-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27-Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
28-Jul 0 0 0 0 0 282 0 0 0 0 0 0 7,952 0 0 0 0 0 0 397 0
29-Jul 0 0 0 0 0 455 0 0 0 0 0 0 5,995 0 0 0 0 0 0 640 0
Total 31,190 29,189 13,751 8,270 27,302 29,022 29,982 20 7 5 55 39 17,781 2,195 8 63 2 57 13 1,755 75
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Appendix E.13. Estimated age composition of Foul Bay Terminal Harvest Area commercial sockeye salmon catch,
1994-2001.

Sample Ages
Year Size 1.1 0.3 1.2 2.1 1.3 2.2 3.1 1.4 2.3 3.2 2.4 Total

1994 50 Numbers 49 0 1 0 0 0 0 0 0 0 0 50
Percent 98.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100

1995 485 Numbers 749 31 29,443 0 530 31 0 0 405 0 0 31,190
Percent 2.4 0.1 94.4 0.0 1.7 0.1 0.0 0.0 1.3 0.0 0.0 100

1996 537 Numbers 289 0 9,160 108 18,050 1,454 0 0 127 0 0 29,189
Percent 1.0 0.0 31.4 0.4 61.8 5.0 0.0 0.0 0.4 0.0 0.0 100

1997 562 Numbers 788 0 8,288 19 8,344 656 19 38 469 56 38 18,751
Percent 4.2 0.0 44.2 0.1 44.5 3.5 0.1 0.2 2.5 0.3 0.2 100

1998 646 Numbers 2,447 0 3,949 365 1,054 397 0 0 58 0 0 8,270
Percent 29.6 0.0 47.8 4.4 12.7 4.8 0.0 0.0 0.7 0.0 0.0 100

1999 603 Numbers 70 0 36,414 0 1,906 2,450 0 0 204 0 0 41,042
Percent 0.2 0.0 88.7 0.0 4.6 6.0 0.0 0.0 0.5 0.0 0.0 100

2000 733 Numbers 376 0 16,768 0 8,022 1,100 0 27 536 0 0 26,829
Percent 1.4 0.0 62.5 0.0 29.9 4.1 0.0 0.1 2.0 0.0 0.0 100

2001 551 Numbers 517 0 8,602 0 20,206 123 0 0 374 0 0 29,822
Percent 1.7 0.0 28.8 0.0 67.8 0.4 0.0 0.0 1.3 0.0 0.0 100
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Appendix F.1. Morphometric map showing the limnology and zooplankton stations on Little Waterfall Lake.
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Appendix F.2. Juvenile sockeye salmon stocked into Little Waterfall Lake, 1992-2001.

a Fry are released from April to July at up to 200% of emergent size (normally  0.15 to 0.5
g depending on the stock).  Fingerling are released from June to September at a size of
>200% to <2100% of emergent size (normally 0.3 to 5.25 g depending on the stock).
Pre-smolt are released from August to November at a size of >2100% of emergent size
but not yet at the physiological stage of smolting (normally 5 to 13 g.

Release Species Life Stagea Total
Year Broodstock Stocked fry fingerling presmolt smolt Stocked

1992 Afognak Sockeye 493,000 96,000 589,000
1993 Afognak Sockeye 205,000 205,000
1994 Afognak Sockeye 150,000 150,000
1995 Afognak Sockeye 100,000 97,800 197,800
1996 Afognak Sockeye 82,300 82,300
1997 Afognak Sockeye 246,800 246,800
1998 Afognak Sockeye 237,300 237,300
1999 Afognak Sockeye 273,000 273,000
2000 Afognak Sockeye 106,000 252,800 358,800
2001 Afognak Sockeye 36,000 274,000 310,000
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Appendix F.3. Nutrient addition ratio and enrichment amounts into Little
Waterfall Lake, 1993-2001.

a Nitrogen-Phosphorus-Potassium

Fertilizer Amount
Year ratio a (kg)
1993 20-5-0 2,836
1994 20-5-0 3,628
1995 20-5-0 4,536
1996 20-5-0 5,080
1997 20-5-0 5,080
1998 20-5-0 5,080
1999 20-5-1 7,330
2000 20-5-0 5,107
2001 20-5-0 5,426
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Appendix F.4.  The lower (a), middle (b), and upper (c) fish passes on Little Waterfall Creek.
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Appendix F.5. Little Waterfall Creek barrier net.
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Appendix F.6. Waterfall Bay (Little and Big Waterfall Lakes) Terminal Harvest Area
and rehabilitation project sites in Perenosa Bay.
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Appendix F.7. Limnological sampling stations and total samples
collected at Little Waterfall Lake, 1990-2001.

Sampling Total
Year Stations Samples
1990 1 4

1991a nc nc
1992 1 5
1993 1 5
1994 1, 2 7
1995 1, 2 7
1996 1, 2 6
1997 1, 2 6
1998 1 4
1999 1 4
2000 1 4
2001 1 5
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Appendix F.8. Summary of seasonal mean water chemistry parameters by station and depth from Little Waterfall Lake, 1990 - 2001.

SD - standard deviation
na - parameters were not analyzed.

Sta Depth  Sp. Conductivity pH Alkalinity    Turbidity Color Calcium Magnesium Iron

Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 1 1 57.3 1.9 7.2 0.1 12.8 2.2 0.5 0.2 13.5 5.3 4.8 1.0 1.5 0.1 120.3 15.6

1 12 54.5 2.4 7.1 0.2 13.3 0.5 1.7 1.9 15.8 6.2 4.8 0.9 1.1 0.3 125.7 43.5
1992 1 1 55.0 5.8 6.9 0.1 14.8 2.4 0.7 0.3 13.2 2.4 4.9 1.0 1.2 0.3 163.4 36.0

1 15 49.5 8.6 6.8 0.3 13.4 3.3 1.3 1.4 13.2 1.4 5.3 1.0 0.9 0.4 141.5 78.1
1993 1 1 58.8 7.3 6.9 0.2 15.4 3.2 1.4 1.8 13.4 3.2 6.1 1.0 1.6 0.6 104.8 20.7

1 12 55.4 4.8 6.6 0.2 13.5 2.4 0.7 0.1 15.4 2.6 5.4 1.2 1.1 0.6 110.6 49.7
1994 1 1 56.4 5.3 6.8 0.2 13.4 2.9 1.0 0.6 15.6 5.0 5.1 1.0 1.1 0.3 117.1 29.0

1 2 na na na na na na na na na na na na na na na na
1 15 51.9 3.7 6.5 0.2 10.6 1.2 1.1 0.7 15.6 4.1 4.3 0.5 0.9 0.3 87.1 41.6

1995 1 1 52.3 5.0 6.6 0.2 11.7 2.6 1.2 0.6 13.1 2.7 4.2 0.8 1.2 0.6 130.1 43.6
1 2 na na na na na na na na na na na na na na na na
1 15 50.0 4.5 6.3 0.1 10.4 1.9 1.4 0.6 12.0 4.6 3.7 0.6 1.1 0.7 148.9 82.7

1996 1 1 60.5 2.4 6.8 0.1 13.9 1.8 1.1 0.6 16.0 4.0 4.9 1.0 1.1 0.2 109.8 28.3
1 2 na na na na na na na na na na na na na na na na
1 14 66.7 16.5 6.5 0.3 12.4 1.9 1.0 0.5 15.0 4.4 4.3 0.5 1.2 0.5 89.8 47.5

1997 1 1 59.5 5.5 7.2 0.2 16.1 3.8 0.8 0.1 13.0 4.8 5.1 1.0 0.7 0.4 59.8 28.9
1 2 na na na na na na na na na na na na na na na na
1 14 57.8 6.0 6.8 0.2 12.5 1.9 0.8 0.3 14.7 3.9 3.9 0.4 0.9 0.3 59.3 25.8

1998 1 1 57.3 2.5 7.2 0.1 17.2 3.3 0.9 0.3 19.3 0.6 4.6 0.6 1.0 0.1 58.7 10.1
1999 1 1 62.0 3.9 6.6 0.3 13.2 2.0 1.5 0.9 16.0 5.4 4.6 0.4 1.4 0.2 133.5 22.6
2000 1 1 na na 7.3 0.1 10.6 2.8 na na na na na na na na na na
2001 1 1 na na 7.4 0.1 13.4 3.9 na na na na na na na na na na
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Appendix F.9. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth from Little Waterfall
Lake, 1990 - 2001.

SD - standard deviation
na - parameters were not analyzed.

  Total filter- Filterable Total Kjel- Nitrate+ Reactive Organic Chloro- Phaeo-
Sta Depth Total-P  able-P reactive-P dahl nitrogen   Ammonia  nitrite silicon carbon phyll a phytin a

Year tion (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1990 1 1 3.1 0.7 2.5 0.7 1.7 0.4 160.5 27.7 4.7 2.7 35.6 21.8 1765.3 329.1 na na 0.52 0.17 0.29 0.07

1 12 4.6 2.4 3.5 2.4 1.8 0.6 152.3 19.2 5.8 3.8 49.0 9.1 1835.8 208.7 na na 0.24 0.09 0.33 0.06
1992 1 1 5.4 2.1 3.6 0.9 2.7 0.6 132.1 37.4 2.2 0.9 52.9 54.7 1734.8 266.5 247.0 47.4 0.60 0.58 0.38 0.14

1 15 5.1 0.9 5.4 1.1 4.1 0.4 96.3 41.6 4.3 3.8 88.7 36.6 1683.5 137.5 232.0 140.9 0.29 0.48 0.26 0.19
1993 1 1 6.7 3.0 3.5 0.9 1.9 0.6 148.7 58.4 5.1 3.4 35.1 31.3 1450.8 350.5 233.8 88.5 1.27 1.06 0.61 0.38

1 12 6.1 1.2 3.9 1.3 2.6 1.1 133.2 39.6 7.0 6.5 54.2 21.7 1714.8 79.0 176.8 36.0 0.72 0.03 0.52 0.12
1994 1 1 5.9 2.1 2.7 1.3 1.9 1.4 133.8 35.3 2.7 2.8 11.9 15.1 1492.4 233.5 166.1 83.6 1.46 1.21 0.44 0.28

1 2 na na na na na na na na na na na na na na na na 1.75 1.23 0.35 0.15
1 15 4.0 1.0 2.5 1.7 1.9 1.6 103.4 23.7 7.4 7.1 37.3 11.2 1740.1 139.0 152.4 132.9 0.53 0.76 0.24 0.15

1995 1 1 7.1 4.3 2.7 1.0 2.4 0.7 145.4 44.2 11.5 14.3 35.7 15.7 1636.3 300.2 na na 2.48 3.54 0.77 0.70
1 2 na na na na na na na na na na na na na na na na 2.44 3.38 0.75 0.54
1 15 5.0 1.7 2.2 0.8 1.7 1.0 120.5 39.3 19.3 17.4 40.7 10.5 1877.0 256.7 na na 0.44 0.27 0.37 0.15

1996 1 1 7.0 2.1 2.9 0.8 2.1 0.7 124.9 31.3 8.9 7.2 17.8 16.8 1553.5 328.1 132.8 78.2 1.47 1.16 0.44 0.28
1 2 na na na na na na na na na na na na na na na na 1.34 0.96 0.34 0.23
1 14 5.9 1.3 3.6 2.3 2.8 1.4 114.6 29.8 19.7 17.3 49.7 15.3 1896.0 122.3 50.0 23.0 0.32 0.13 0.26 0.09

1997 1 1 8.3 3.2 2.3 1.0 1.5 0.3 153.3 46.3 3.2 1.9 13.2 13.4 1478.0 451.3 172.8 66.3 1.28 0.97 0.72 0.39
1 2 na na na na na na na na na na na na na na na na 1.24 0.90 0.80 0.54
1 14 6.4 2.9 2.8 0.9 2.3 1.1 99.1 25.5 7.1 6.0 39.6 7.8 1827.7 252.4 103.3 32.8 0.38 0.17 0.45 0.18

1998 1 1 10.2 3.5 3.3 1.0 2.4 0.4 183.6 29.0 9.2 8.4 24.9 21.5 1520.0 110.4 183.7 92.8 1.79 1.32 0.62 0.58
1999 1 1 8.4 2.3 3.8 1.2 2.5 1.6 160.2 38.1 11.8 3.5 69.5 70.5 1609.0 388.6 197.8 77.5 1.31 1.39 0.32 0.29
2000 1 1 5.2 2.3 3.9 2.5 2.2 2.7 66.4 na 10.2 11.3 74.9 81.8 na na na na 1.21 1.22 0.47 0.41
2001 1 1 11.5 6.6 4.3 2.1 4.4 5.0 84.5 na 4.0 1.4 20.1 24.0 na na na na 1.15 0.43 0.73 0.37



164

Appendix F.10. Weighted mean zooplankton density, biomass, and size by genera from Little Waterfall Lake, 1990 and 1992 -2001.

a Samples were not collected in 1991.

Number Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium TOTALS
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year a Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1990 4 1,194 28 1.79 26,341 146 1.09 27,468 63 0.81 35,762 74 0.47 8,227 13 0.62 7,099 20 0.57 106,091 344
1992 5 6,582 27 0.97 18,471 30 0.71 2,442 5 0.74 2,873 6 0.46 1,435 2 0.54 3,322 23 0.80 35,124 92
1993 5 61 0 0.71 326 1 0.90 1,844 4 0.79 9,646 9 0.33 11,194 14 0.55 8,017 41 0.72 31,088 69
1994 7 82 0 0.85 109 0 0.96 805 2 0.79 38,086 32 0.31 18,079 19 0.50 8,257 53 0.73 65,418 106
1995 7 447 2 1.10 144 0 0.81 1,959 4 0.82 99,655 79 0.30 2,410 5 0.65 5,064 6 0.39 109,680 97
1996 5 1,140 7 1.10 165 1 0.92 2,502 5 0.74 102,053 82 0.30 18,272 28 0.59 1,129 1 0.40 125,262 124
1997 5 7,023 25 0.92 132 1 1.13 1,123 3 0.84 89,931 61 0.27 6,708 11 0.63 1,480 3 0.46 106,396 103
1998 4 3,026 5 0.72 85 0 0.52 3,681 7 0.73 75,457 74 0.31 12,997 15 0.58 610 1 0.42 95,856 102
1999 4 6,423 52 1.23 319 1 0.95 3,166 6 0.72 44,337 43 0.33 18,636 35 0.65 1,404 3 0.49 74,284 140
2000 4 2,415 11 1.00 171 1 1.25 3,341 7 0.75 34,891 27 0.29 6,796 6 0.50 2,373 7 0.55 49,987 59
2001 5 3,179 11 0.91 64 0 1.04 2,183 3 0.95 113,067 90 0.34 14,757 22 0.63 15,924 33 0.53 149,174 159
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Appendix F.11. Weighted mean zooplankton biomass by genera and lake enrichment time period for Little
Waterfall Lake, 1990 and 1992-2001.

0

100

200

300

400

1990 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Z
oo

pl
an

kt
on

 B
io

m
as

s 
(m

g/
m

 2  )

Bosmina Daphnia Cyclops Holopedium Epischura Diaptomus

FertilizationPre-Enrichment



166

Appendix F.12. Juvenile sockeye salmon estimates based on fall townet catch species composition and
hydroacoustic fish population estimates for Little Waterfall Lake, 1992 and 1994-2001.

a Townet surveys were not conducted to determine species composition.

                      Total Fish Estimates                       Sockeye Estimates Sockeye
 95% Confidence Interval  95% Confidence Interval Composition

Date No. Low High No. Low High (%)

9/29/92 89,869 58,052 121,686 89,869 58,052 121,686 100.0

10/26/94 353,462 278,963 427,961 26,407 8,974 43,840 23.4

5/11/95a 120,000 80,430 159,570 120,000 80,430 159,570

7/13/95a 42,445 28,652 56,238 42,445 28,652 56,238
11/1/95 89,408 64,622 114,194 626 452 800 0.8

5/9/96a 50,197 17,412 82,982 50,197 17,412 82,982
7/11/96a 30,474 4,951 55,997 30,474 4,951 55,997
10/24/96 311,773 195,585 427,961 10,912 6,845 14,979 3.5

5/5/97a 125,905 71,886 179,924 125,905 71,886 179,924
6/23/97a 83,492 40,075 126,909 83,492 40,075 126,909

4/23/98a 114,107 93,427 134,787 114,107 93,427 134,787

1999 No surveys were conducted this season.

5/10/00a 56,793 41,384 72,202 56,793 41,384 72,202

5/10/01a 33,128 5,444 60,812 33,128 5,444 60,812
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Appendix F.13. Townet catches from Little Waterfall Lake, 1992-1996.

a CPUE - Catch per Unit Effort

     Catch by Species
          Tow Sockeye Stickleback

Date Number Minutes Number % CPUEa Number % CPUEa

9/29/92 5 36 17 100.0 0.5 0 0.0 0.0

9/20/93 5 50 100 90.9 2.0 10 9.1 0.2

10/26/94 3 29 43 23.4 1.5 141 76.6 4.9

11/1/95 4 31 1 0.8 0.0 150 99.2 4.8

10/24/96 6 37 2 3.5 0.1 55 96.5 1.5
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Appendix F.14. Mean length, weight, and condition coefficient by age of juvenile sockeye salmon captured
by tow net from Little Waterfall Lake, 1992-1996.

a na - information is not available.

Age-0 Age-1

Sampling Length Weight Condition Length Weight Condition
Date n (mm) (g) (K) n (mm) (g) (K)

9/29/92 17 69.0 4.0 1.20 0

9/20/93 57 65.8 3.5 1.23 20 89.7 8.0 1.11

10/1/94 29 95.4 10.7 1.22 3 95.3 10.8 1.25

11/1/95 1 naa naa naa 0

10/24/96 0 2 91.5 10.1 1.31
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Appendix F.15. Mean length, weight, and condition coefficient by age of sockeye salmon smolt migrating
from Little Waterfall Lake, 1993-2001.

Age-1 Age-2
Sampling Length Weight Condition Length Weight Condition
Date n (mm) (g) (K) n (mm) (g) (K)

5/24-25/93 197 77.6 3.5 0.73 0

5/17-23/94 5 86.6 5.4 0.83 10 98.4 7.5 0.79

6/1-15/95 176 110.0 12.4 0.89 0

6/4-12/96 232 105.2 9.7 0.83 3 104.3 10.1 0.88

6/2-20/97 201 97.7 8.0 0.85 4 111.5 13.1 0.88

5/30-6/11/98 194 99.7 8.3 0.83 5 111.8 13.1 0.85

5/31-6/27/99 197 84.6 4.7 0.76 0

6/14-27/00 164 101.6 9.7 0.87 0

5/24-27/01 199 81.5 4.3 0.79 0
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Appendix F.16. Commercial catch by species in the Perenosa Bay Section (251-82 and 251-83) and
Waterfall Bay terminal harvest area (251-84), 1998-2001.

a Commercial catch data obtained from the ADF&G fish ticket database.
b The Waterfall Bay Terminal Harvest Area was created in 1994 to harvest the enhanced sockeye salmon

stocked into Little Waterfall Lake.

Perenosa Bay Section Perenosa Bay Section Waterfall Terminal Harvest Area b

Year sockeye pink coho sockeye pink coho sockeye pink coho

1988 648 198,256 14,338 740 145,130 6,527
1989 Exxon Valdez  oil spill, no commercial fishing.
1990 145 43,214 2,494 290 18,605 1,788
1991 1 6,505 237 34 3,532 14
1992 4 2,349 336
1993 27 89,297 95 55 48,203 371
1994 37 11,214 1,925 102 12,154 591
1995 3,930 277,560 4,659 783 73,387 1,356 13,684 141,043 284
1996 64 32 125 4,921 287 1,483 41,481 319 1,608
1997 17 10,729 8,940 15 2,165 12,823 27,873 915 1,308
1998 72 3,168 10,132 6 62 2,396 11,057 144 0
1999 1,617 4,220 435 14,669 1,041 2,285 9,359 12,108 32
2000 125 858 6,016 268 11,106 6,286 8,623 0 0
2001 0 321 4,303 26 5,127 17,215 16,023 33 0



171

Appendix F.17. Pink and coho salmon peak survey counts, bypass counts, and escapement estimates for
Little Waterfall Creek, 1981-2001.

OY - Odd Year; EY - Even Year; nd - no data.
a First two barriers bypassed with fish passes in 1979; third bypassed in 1980 ; 1981-1998 escapements were

enhanced as a result.
b Salmon counted as they exit most downstream bypass.

       Pink Total System           Coho Total System 

Year a Peak Count Bypass Count b Escapement Estimate Peak Count Bypass Count b Escapement Estimate
1981 nd 55,447 61,247 10 3 24
1982 40,000 47,829 47,829 nd 16 16
1983 11,000 21,560 21,560 40 5 96
1984 40,000 36,016 40,016 65 15 156
1985 80,000 119,211 119,211 2 0 5
1986 25,000 50,884 50,884 200 2 480
1987 26,000 29,093 29,093 1 1 2
1988 14,500 nd 27,550 nd nd nd
1989 96,301 nd 147,016 16 nd 38
1990 14,165 42,060 47,000 18 18 43
1991 63,483 99,136 115,000 31 31 74
1992 26,109 35,763 43,000 34 3 82
1993 109,023 nd 166,391 0 nd 0
1994 22,724 nd 50,937 142 nd 341
1995 36,690 nd 100,223 0 nd 0
1996 5,509 nd 13,624 91 nd 218
1997 14,920 nd 24,339 0 nd 0
1998 94,668 nd 151,655 106 nd 254
1999 48,940 nd 115,322 174 nd 418
2000 20,586 nd 36,006 46 nd 110
2001 16,346 nd 34,184 19 nd 46

Mean 81-01: 40,298 54,352 71,932 52 9 126
Mean 81-01 (OY): 50,270 64,889 84,871 27 8 64
Mean 81-01 (EY): 30,326 42,510 53,439 88 11 189



172

Appendix F.18. Estimated age composition of the sockeye salmon commercial catch in the Little Waterfall
Bay terminal harvest area, 1994-2001.

Ages
Year 0.2 0.3 1.1 1.2 1.3 2.1 2.2 2.3 3.2 Total

1994 Number 1 0 49 0 0 0 0 0 0 50
Percent 2.0 0.0 98.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0

1995 Number 29 57 891 11,585 230 259 632 0 0 13,684
Percent 0.2 0.4 6.5 84.7 1.7 1.9 4.6 0.0 0.0 100.0

1996 Number 0 0 836 8,949 22,497 669 6,272 2,007 251 41,481
Percent 0.0 0.0 2.0 21.6 54.2 1.6 15.1 4.8 0.6 100.0

1997 Number 124 0 993 11,422 10,739 0 2,669 1,924 0 27,873
Percent 0.4 0.0 3.6 41.0 38.5 0.0 9.6 6.9 0.0 100.0

1998 Number 23 203 653 6,125 3,468 113 158 293 23 11,057
Percent 0.2 1.8 5.9 55.4 31.4 1.0 1.4 2.6 0.2 100.0

1999 Number 0 0 56 7,353 1,810 0 139 0 0 9,359
Percent 0.0 0.0 0.6 78.6 19.3 0.0 1.5 0.0 0.0 100.0

2000 Number 0 0 71 4,614 3,061 0 398 480 0 8,624
Percent 0.0 0.0 0.8 53.5 35.5 0.0 4.6 5.6 0.0 100.0

2001 Number 0 0 190 6,532 9,112 90 34 30 0 16,023
Percent 0.0 0.0 1.2 40.8 56.9 0.6 0.2 0.2 0.0 99.9

                         1994-2001.
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Appendix G.1. Morphometric map showing the limnology and zooplankton stations on Crescent Lake.
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Appendix G.2. Juvenile coho and sockeye salmon releases into Crescent Lake, 1988-
1989 and 1991-2001.

a Fry are released from April to July at up to 200% of emergent size (normally  0.15 to
0.5 g depending on the stock).  Fingerling are released from June to September at a size
of >200% to <2100% of emergent size (normally 0.3 to 5.25 g depending on the stock).
Pre-smolt are released from August to November at a size of >2100% of emergent size
but not yet at the physiological stage of smolting (normally 5 to 13 g.).

Release Species   Life Stagea Total
Year Broodstock Stocked fry fingerling presmolt Stocked
1988 Big Kitoi Coho 241,373 241,373
1989 Big Kitoi Coho 202,955 202,955
1991 Big Kitoi Coho 191,416 191,416
1992 Big Kitoi Coho 69,100 69,100
1993 Big Kitoi Coho 66,420 66,420
1994 Big Kitoi Coho 163,680 163,680
1995 Big Kitoi Coho 167,778 167,778
1996 Big Kitoi Coho 163,200 163,200
1997 Big Kitoi Coho 165,000 165,000
1998 Big Kitoi Coho 163,000 163,000
1999 Big Kitoi Coho 165,000 165,000
2000 Big Kitoi Coho 165,837 165,837
2001 Big Kitoi Coho 165,000 165,000

1992 Afognak Sockeye 399,000 399,000
1993 Afognak Sockeye 202,000 202,000
1994 Afognak Sockeye 314,000 314,000
1995 Afognak Sockeye 90,200 90,200
1996 Afognak Sockeye 427,000 427,000
1997 Afognak Sockeye 432,000 432,000
1998 Afognak Sockeye 463,000 108,000 571,000
1999 Afognak Sockeye 371,700 371,700
2000 Afognak Sockeye 206,000 206,000
2001 Afognak Sockeye 331,500 331,500
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Appendix G.4. Limnological sampling stations and total samples
collected for Crescent Lake, 1987 and 1990-2001.

 Sampling Total
Year Stations Samples
1987 1 3
1990 1 4
1991 1 3
1992 1 5
1993 1 5
1994 1,2 6
1995 1,2 6
1996 1,2 5
1997 1,2 5
1998 1 4
1999 1 4
2000 1 4
2001 1 4
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Appendix G.5. Summary of seasonal mean water chemistry parameters by station and depth from Crescent Lake,
1990-1994.

na - not analyzed;  SD - standard deviation

Sta Depth Sp. Cond. pH Alkalinity    Turbidity Color Calcium Magnesium Iron

Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 1 1 40.5 1.7 6.8 0.1 6.3 0.5 0.8 0.4 13.5 3.4 2.9 1.4 0.4 0.3 120.8 24.3

1 16 41.3 1.0 6.7 0.2 6.1 0.6 0.7 0.4 11.0 2.2 3.2 1.8 0.4 0.3 128.3 38.7
1991 1 1 38.0 0.8 6.7 0.1 10.4 7.8 0.9 0.3 13.0 0.8 2.1 0.3 0.8 0.5 210.0 31.1

1 14 38.3 1.0 6.6 0.2 6.9 0.3 0.9 0.2 15.8 3.9 1.9 0.1 0.8 0.5 190.3 45.0
1992 1 1 34.5 1.2 6.6 0.2 5.8 1.0 0.9 0.5 11.5 3.4 2.5 0.9 0.6 0.3 156.5 9.3

1 24 34.5 0.5 6.3 0.1 4.9 1.0 0.8 0.6 10.7 1.5 2.5 1.2 0.6 0.3 162.3 56.9
1993 1 1 36.5 1.0 6.6 0.1 7.5 2.7 0.5 0.1 6.6 7.5 2.2 0.4 1.3 1.1 103.6 34.9

1 25 39.0 4.0 6.4 0.4 7.8 2.1 0.5 0.2 10.0 10.7 2.6 0.9 0.8 0.1 134.2 52.0
1994 1 1 39.0 6.5 6.6 0.2 6.2 2.0 1.1 0.8 5.0 3.2 2.2 0.9 0.6 0.2 140.7 44.0

1 2 na na na na na na na na na na na na na na na na
1 26 36.0 0.9 6.3 0.3 6.5 2.5 0.7 0.3 5.5 4.7 2.2 0.5 0.6 0.2 197.2 87.7
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Appendix G.6. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth from
Crescent Lake, 1990-1994.

SD - standard deviation
na - not analyzed

Total filter- Filterable Total Kjel- Nitrate+ Reactive Organic Chloro-  Phaeo-
Sta Depth Total-P  able-P reactive-P dahl nitrogen Ammonia  nitrite silicon  carbon phyll a phytin a

Year tion (m)(ug L-1) SD (ug L-1) SD(ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1990 1 1 4.5 1.5 2.9 4.2 3.7 1.7 128.0 16.5 8.0 3.0 40.3 29.1 3249.8 247.5 144.5 13.0 0.34 0.2 0.17 0.0

1 16 5.1 2.3 1.3 1.3 2.8 1.1 117.7 22.7 9.7 4.2 65.0 29.1 3389.8 154.5 144.0 30.6 0.21 0.0 0.28 0.1
1991 1 1 5.0 2.8 3.2 0.6 2.3 0.4 150.6 22.6 11.5 1.8 56.8 21.3 2865.0 108.6 na na 0.31 0.2 0.27 0.1

1 14 4.6 1.5 6.0 3.5 4.5 3.2 138.3 12.3 13.6 5.0 69.7 23.2 2966.0 156.3 na na 0.22 0.1 0.22 0.1
1992 1 1 3.8 0.5 4.1 2.5 3.1 2.4 135.0 13.9 3.3 1.7 61.7 26.1 3162.8 158.9 198.8 64.1 0.44 0.3 0.28 0.1

1 24 3.9 1.7 4.0 3.2 2.6 1.7 127.4 12.8 9.6 4.1 92.8 23.1 3181.7 198.0 162.6 52.9 0.31 0.2 0.28 0.1
1993 1 1 4.5 0.8 3.7 1.3 2.8 0.5 148.0 18.5 5.0 2.2 49.1 30.4 3132.2 220.6 146.8 53.3 1.01 0.3 0.36 0.0

1 25 4.9 1.3 8.5 11.7 6.8 9.9 136.2 17.3 19.4 10.1 98.4 31.7 3379.6 244.0 120.6 47.5 0.52 0.2 0.45 0.1
1994 1 1 5.7 0.7 4.5 3.3 3.6 2.3 159.8 23.8 3.2 1.7 39.8 21.4 2843.3 122.4 114.3 33.0 0.56 0.3 0.28 0.1

1 2 na na na na na na na na na na na na na na na na 0.56 0.3 0.34 0.1
1 26 5.3 1.1 4.8 3.9 4.2 3.2 160.4 17.7 15.2 9.7 74.3 23.8 3176.7 285.5 128.2 52.1 0.36 0.2 0.27 0.1
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Appendix G.7. Weighted mean zooplankton density, biomass, and size by genera for Crescent Lake, 1987 and 1990-
2001.

a Stations 1 and 2 samples were averaged for the years, 1994 to 1997.

Number Epischura Bosmina Daphnia Cyclops Diaptomus Holopedium TOTAL
of Density Biomass Size Density Biomass Size Density Biomass Size DensityBiomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Samples no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1987 3 133 2 1.41 65,154 144 0.48 32,599 84 0.77 41,401 110 0.87 4,423 21 1.04 9,466 83 0.90 153,043 442
1990 4 1,194 20 1.59 46,178 104 0.49 7,166 13 0.65 88,110 170 0.75 54,472 213 0.97 10,881 107 0.94 206,807 606
1991 3 1,340 22 1.59 21,139 51 0.51 20,807 60 0.81 28,052 79 0.89 10,218 44 1.00 889 14 1.13 81,104 248
1992 5 329 1 0.96 6,454 12 0.45 4,055 6 0.57 128,482 249 0.75 531 1 0.82 4,384 38 0.89 143,907 305
1993 5 53 0 0.73 50,095 82 0.42 90,774 183 0.68 31,083 81 0.86 191 1 1.23 4,140 20 0.71 176,284 368

1994a 6 566 1 0.78 113,490 175 0.41 47,217 95 0.68 12,173 17 0.65 473 2 0.95 32,900 398 1.02 206,253 687

1995a 6 1,929 13 1.14 76,574 127 0.42 32,015 80 0.75 19,471 53 0.87 1,415 7 1.02 24,372 124 0.71 153,847 391
1996a 5 3,397 13 0.92 108,189 117 0.34 84,113 132 0.61 33,524 92 0.88 764 1 0.58 17,654 87 0.71 244,245 429

1997a 5 541 4 1.13 177,861 191 0.34 56,214 68 0.54 6,511 21 0.95 102 0 0.60 19,807 53 0.54 260,495 333
1998 4 53 0 0.62 88,562 139 0.41 220,993 297 0.57 11,996 36 0.91 0 0 0.00 9,607 29 0.58 331,157 500
1999 4 1,383 7 1.00 80,113 104 0.38 61,750 95 0.60 33,604 84 0.84 986 4 0.90 18,538 139 0.74 194,991 425
2000 4 2,140 12 1.07 34,211 15 0.44 15,625 32 0.93 15,128 19 0.62 597 5 1.20 10,375 24 0.78 78,076 107
2001 4 1,145 5 1.00 19,365 27 0.44 9,977 23 0.73 35,596 77 0.91 1,219 7 1.09 10,947 49 0.77 78,249 188
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Appendix G.8.  Weighted mean zooplankton biomass by genera for Crescent Lake, 1987 and 1990-2001.
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Appendix G.9. Juvenile sockeye salmon estimates based on townet catches and
hydroacoustic fish population estimates from Crescent Lake, 1992 and
1994.

a Sockeye salmon estimates are based on townet catches to determine species
composition in the lake environment. Four tows were conducted, capturing 0 sockeye
and 21 sticklebacks. Juvenile sockeye salmon have been stocked into the lake,
annually, since 1992.

             Total Fish Estimates               Sockeye Estimates Sockeye
                95%  C. I.                 95%  C. I. Composition

Date Number Low High Number Low High (%)

9/28/92 84,705 68,049 101,361 75,557 60,700 90,414 89.2

10/14/94 149,254 85,187 213,321 0a
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Appendix G.10. Townet catches from Crescent Lake, 1992 and 1994.

     Catch by Species

              Tow Sockeye Stickleback

Year Number Minutes Number % CPUE Number % CPUE

9/28/92 3 39 83 91.1 2.1 10 8.9 0.3

10/14/94 4 52 0 21 100.0 0.4
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Appendix G.11. Mean length, weight, and condition coefficient by age for juvenile
sockeye salmon captured by townet at Crescent Lake, 1992 and 1994.

Age-0 Age-1

Length Weight Condition Length Weight Condition

Year n (mm) (g) (K) n (mm) (g) (K)

9/28/92 83 67.2 3.5 1.13 0

10/14/94 0 0
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Appendix G.12. Common property salmon harvest in Settler Cove Terminal
Harvest Area from the Crescent Lake enhancement project,
1990-2001.

a Sockeye salmon returns to the terminal harvest area did not occur until 1994.

Data was obtained from the ADF&G fish ticket and subsistence harvest data base,
1990-2001.

              Sockeye                    Coho
Year Commercial Subsistence Commercial Subsistence
1990 0 0 0 1,158
1991 0 0 0 1,505
1992 0 0 0 1,391
1993 0 15 0 1,271

1994 a 0 287 1,100 897
1995 253 1,263 79 1,184
1996 12,777 1,205 0 263
1997 6,356 1,620 0 372
1998 3,085 888 0 293
1999 25 905 30 129
2000 0 1,237 0 254
2001 3,722 1,524 0 160
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Appendix H.2. Juvenile sockeye salmon releases into Afognak Lake, 1992-2001.

a Fry are released from April to July at up to 200% of emergent size (normally 0.15 to
0.5 g depending on the stock).  Fingerling are released from June to September at a
size of >200%  to <2100% of emergent size (normally 0.3 to 5.25 g depending on
the stock).  Pre-smolt are released from August to November at a size of >2100% of
emergent size but not yet at the physiological stage of smolting (normally 5 to 13 g ).

Release Species Life Stagea Total
Year Broodstock Stocked fry fingerling presmolt Stocked
1992 Afognak Sockeye 160,000 304,000 464,000
1993 Afognak Sockeye 0
1994 Afognak Sockeye 311,000 311,000
1995 Afognak Sockeye 0
1996 Afognak Sockeye 528,000 528,000
1997 Afognak Sockeye 197,300 131,000 328,300
1998 Afognak Sockeye 334,200 88,500 422,700
1999 Afognak Sockeye 0
2000 Afognak Sockeye 0
2001 Afognak Sockeye 0
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Appendix H.3. The amount of nutrient enrichment additions and ratios into Afognak
Lake, 1990-2000.

a Nitrogen-Phosphorus-Potassium

Fertilizer Amount
Year ratioa (kg)

1990 20-5-0 11,818
1990 32-0-0 18,181
1991 20-5-0 13,636

1991 32-0-0 19,364
1992 20-5-0 13,636
1992 32-0-0 19,363

1993 20-5-0 21,818
1994 20-5-0 27,216

1995 20-5-0 27,216
1996 20-5-0 25,400
1997 20-5-0 25,400

1998 20-5-0 25,400
1999 20-5-1 27,964

2000 20-5-0 26,425
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Appendix H.4. Limnological sampling stations and total
samples collected for Afognak Lake,
1987-2001.

Sampling Total
Year Stations Samples
1987 1, 2 4
1988 1, 2 4
1989 1, 2 5
1990 1, 2 7
1991 1, 2 6
1992 1, 2 7
1993 1, 2 7
1994 1 - 4 8
1995 1 - 4 7
1996 1 - 4 5
1997 1 - 4 6
1998 1 4
1999 1 4
2000 1 4
2001 1 4
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Appendix H.5.Summary of seasonal mean water chemistry parameters by station and depth for Afognak Lake, 1990 - 1998.

SD - standard deviation
na - parameters were not analyzed.

Sta Depth  Sp. Conductivity        pH     Alkalinity   Turbidity         Color     Calcium  Magnesium        Iron

Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 1 1 40.5 1.7 6.8 0.1 6.3 0.5 0.8 0.4 13.5 3.4 2.9 1.4 0.4 0.3 120.8 24.3

1 16 41.3 1.0 6.7 0.2 6.1 0.6 0.7 0.4 11.0 2.2 3.2 1.8 0.4 0.3 128.3 38.7
1991 1 1 38.0 0.8 6.7 0.1 10.4 7.8 0.9 0.3 13.0 0.8 2.1 0.3 0.8 0.5 210.0 31.1

1 14 38.3 1.0 6.6 0.2 6.9 0.3 0.9 0.2 15.8 3.9 1.9 0.1 0.8 0.5 190.3 45.0
1992 1 1 34.5 1.2 6.6 0.2 5.8 1.0 0.9 0.5 11.5 3.4 2.5 0.9 0.6 0.3 156.5 9.3

1 24 34.5 0.5 6.3 0.1 4.9 1.0 0.8 0.6 10.7 1.5 2.5 1.2 0.6 0.3 162.3 56.9
1993 1 1 36.5 1.0 6.6 0.1 7.5 2.7 0.5 0.1 6.6 7.5 2.2 0.4 1.3 1.1 103.6 34.9
1993 1 25 39.0 4.0 6.4 0.4 7.8 2.1 0.5 0.2 10.0 10.7 2.6 0.9 0.8 0.1 134.2 52.0
1994 1 1 39.0 6.5 6.6 0.2 6.2 2.0 1.1 0.8 5.0 3.2 2.2 0.9 0.6 0.2 140.7 44.0

1 26 36.0 0.9 6.3 0.3 6.5 2.5 0.7 0.3 5.5 4.7 2.2 0.5 0.6 0.2 197.2 87.7
1995 1 1 59.7 5.6 6.6 0.2 9.8 1.0 2.0 0.8 10.9 2.6 3.7 1.4 1.3 0.4 85.0 45.6

1 17 59.6 5.4 6.5 0.2 10.0 1.3 2.3 1.2 9.1 2.0 3.4 0.5 1.6 0.5 101.4 33.0
2 1 57.9 4.9 6.6 0.2 9.7 1.1 1.9 0.9 10.9 4.3 3.2 0.3 1.1 0.3 87.4 55.9
2 11 58.4 4.3 6.5 0.2 9.6 1.1 2.0 0.8 10.0 5.5 3.5 0.4 1.3 0.3 100.9 53.9

1996 1 1 56.4 1.5 6.7 0.2 10.5 0.7 1.4 1.0 9.8 2.5 3.2 0.5 1.3 0.2 54.0 25.9
1 18 56.8 2.7 6.6 0.1 11.2 1.9 1.5 0.7 9.4 0.5 3.1 0.5 1.1 0.3 72.2 33.2
2 1 56.0 1.4 6.7 0.1 10.7 1.0 1.2 0.6 9.2 1.3 3.1 0.5 1.1 0.3 53.6 25.7
2 11 56.6 1.1 6.7 0.1 10.7 1.0 1.5 0.6 10.8 2.6 2.9 0.5 1.5 0.3 89.4 43.4

1997 1 1 53.0 0.6 7.1 0.2 12.1 1.6 1.1 0.1 9.2 1.9 3.1 0.4 1.1 0.3 27.7 16.6
1 18 57.7 6.7 6.8 0.2 13.9 3.5 1.7 0.4 10.3 0.8 2.9 0.5 1.7 1.1 68.2 37.7
2 1 53.2 0.8 7.1 0.1 11.7 0.5 1.0 0.2 10.8 3.8 3.0 0.3 1.0 0.3 33.8 17.3
2 13 53.4 0.5 7.0 0.1 11.9 0.3 1.3 0.5 9.6 3.0 2.9 0.3 1.0 0.3 44.4 25.8

1998 1 1 48.7 0.6 7.0 0.1 12.6 1.3 1.7 1.2 17.7 10.7 3.2 0.5 0.8 0.2 25.7 15.0
1 18 48.0 na 7.0 na 11.8 na 2.0 na 11.0 na 3.3 na 1.0 na 48.0 na
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Appendix H.6. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Afognak
Lake, 1990 - 1998.

SD - standard deviation
na - parameters were not analyzed.

    Total      Total Filterable       Total
Sta Depth Phosphorus  filterable-P   reactive-P Kjeldahl nitrogen   Ammonia Nitrate+nitrite Reactive silicon Organic carbon Chlorophyll a Phaeophytin a

Year tion (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1 ) SD (ug L-1) SD (ug L-1 ) SD (ug L-1 ) SD (ug L-1) SD (ug L-1) SD (ug L-1 ) SD
1990 1 1 4.5 1.5 2.9 4.2 3.7 1.7 128.0 16.5 8.0 3.0 40.3 29.1 3249.8 247.5 144.5 13.0 0.34 0.2 0.17 0.0

1 16 5.1 2.3 1.3 1.3 2.8 1.1 117.7 22.7 9.7 4.2 65.0 29.1 3389.8 154.5 144.0 30.6 0.21 0.0 0.28 0.1
1991 1 1 5.0 2.8 3.2 0.6 2.3 0.4 150.6 22.6 11.5 1.8 56.8 21.3 2865.0 108.6 NA NA 0.31 0.2 0.27 0.1

1 14 4.6 1.5 6.0 3.5 4.5 3.2 138.3 12.3 13.6 5.0 69.7 23.2 2966.0 156.3 NA NA 0.22 0.1 0.22 0.1
1992 1 1 3.8 0.5 4.1 2.5 3.1 2.4 135.0 13.9 3.3 1.7 61.7 26.1 3162.8 158.9 198.8 64.1 0.44 0.3 0.28 0.1

1 24 3.9 1.7 4.0 3.2 2.6 1.7 127.4 12.8 9.6 4.1 92.8 23.1 3181.7 198.0 162.6 52.9 0.31 0.2 0.28 0.1
1993 1 1 4.5 0.8 3.7 1.3 2.8 0.5 148.0 18.5 5.0 2.2 49.1 30.4 3132.2 220.6 146.8 53.3 1.01 0.3 0.36 0.0

1 25 4.9 1.3 8.5 11.7 6.8 9.9 136.2 17.3 19.4 10.1 98.4 31.7 3379.6 244.0 120.6 47.5 0.52 0.2 0.45 0.1
1994 1 1 5.7 0.7 4.5 3.3 3.6 2.3 159.8 23.8 3.2 1.7 39.8 21.4 2843.3 122.4 114.3 33.0 0.56 0.3 0.28 0.1

1 2 na na na na na na na na na na na na na na na na 0.56 0.3 0.34 0.1
1 26 5.3 1.1 4.8 3.9 4.2 3.2 160.4 17.7 15.2 9.7 74.3 23.8 3176.7 285.5 128.2 52.1 0.36 0.2 0.27 0.1

1995 1 1 8.7 2.7 3.0 1.5 2.0 1.1 168.3 21.6 9.5 14.1 65.9 22.1 1873.1 735.0 na na 3.92 2.4 1.13 0.6
1 2 na na na na na na na na na na na na na na na na 4.42 3.0 1.15 0.7
1 17 8.1 2.0 1.9 1.1 1.1 0.4 186.8 47.1 34.7 44.3 45.1 35.0 2045.9 618.4 na na 3.13 1.7 1.10 0.5
2 1 7.4 2.1 2.1 1.2 1.7 1.0 168.7 31.0 9.4 14.0 54.4 33.2 1941.9 753.9 na na 4.20 2.9 1.05 0.7
2 2 na na na na na na na na na na na na na na na na 3.71 2.2 1.06 0.6
2 11 7.2 1.7 2.2 2.0 1.6 1.1 157.0 26.0 16.4 17.4 51.9 34.1 2142.6 805.6 na na 3.27 2.2 1.05 0.6

1996 1 1 9.2 2.6 3.4 0.7 2.8 0.3 161.4 34.0 17.5 13.9 39.6 29.2 2465.0 297.2 224.8 80.3 2.39 1.2 0.82 0.4
1 2 na na na na na na na na na na na na na na na na 2.16 1.0 1.08 0.5
1 18 8.2 2.7 2.4 0.7 2.2 0.3 161.4 56.5 36.3 37.6 50.9 27.8 2662.6 176.1 190.4 73.1 1.40 0.6 0.81 0.4
2 1 8.8 2.6 2.7 0.8 2.2 0.4 160.3 37.3 8.2 14.6 40.7 25.9 2466.0 275.0 225.6 52.5 1.77 0.5 0.85 0.4
2 2 na na na na na na na na na na na na na na na na 1.72 0.3 0.83 0.4
2 11 8.4 2.8 3.4 1.6 2.9 1.3 147.2 41.3 28.7 24.5 49.7 25.9 2629.8 220.7 168.6 55.7 1.07 0.3 0.77 0.3

1997 1 1 7.3 1.9 2.7 1.0 2.6 0.9 155.2 33.9 14.0 14.2 21.9 23.9 2346.7 354.4 273.3 63.8 2.56 1.4 1.51 0.7
1 2 na na na na na na na na na na na na na na na na 2.59 1.5 1.58 0.8
1 18 7.2 1.5 2.6 0.5 2.3 0.4 193.7 68.6 63.6 53.3 55.3 14.5 2994.5 503.5 196.8 28.8 1.12 0.5 1.08 0.4
2 1 6.9 1.7 3.6 1.8 3.1 1.5 155.8 37.8 13.3 15.8 16.9 21.8 2435.2 351.3 252.2 62.8 1.68 1.3 1.19 0.8
2 2 na na na na na na na na na na na na na na na na 1.78 1.3 1.23 0.8
2 13 6.5 1.4 2.8 1.9 2.3 0.8 148.1 38.7 20.9 12.4 29.6 20.1 2584.0 433.5 155.8 50.6 1.33 1.2 1.06 0.8

1998 1 1 9.0 1.7 3.3 0.8 1.9 0.0 192.9 7.7 21.2 13.9 38.1 15.9 2387.0 73.0 151.7 118.8 0.10 0.0 0.04 0.0

1 18 7.5 na 3.7 na 1.9 na 182.2 na 24.5 na 62.6 na 2311.0 na 36.0 na 0.09 na 0.03 na
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Appendix H.7. Weighted mean zooplankton density, biomass, and size by genera from Afognak Lake, 1987-2001.

Epischura Diaptomus Cyclops Bosmina Daphnia Holopedium TOTALS
No. Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Samples (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2 )
1987 4 28,835 100 0.91 173 1 0.91 4,127 6 0.65 138,370 134 0.33 3,218 4 0.54 2,574 6 0.52 177,297 251

1988 4 16,508 61 0.95 20 0 1.44 1,997 3 0.70 107,650 107 0.33 1,184 3 0.68 1,085 3 0.54 128,444 177
1989 5 13,314 53 0.95 0 0 0.00 2,462 4 0.66 58,937 50 0.31 1,099 2 0.64 950 2 0.47 76,762 110

1990 7 13,994 54 0.95 4 0 0.90 6,724 11 0.67 141,664 121 0.31 2,871 5 0.63 4,485 8 0.47 169,741 198
1991 6 20,282 91 1.00 770 3 0.84 5,442 10 0.74 181,458 163 0.32 3,718 8 0.69 4,554 9 0.50 216,222 283
1992 7 16,208 69 0.97 315 1 0.94 3,122 5 0.68 94,856 96 0.33 4,017 9 0.72 2,443 5 0.45 120,959 185

1993 7 26,463 99 0.94 425 1 0.76 4,921 8 0.67 207,962 202 0.33 5,130 10 0.67 3,852 8 0.49 248,751 326
1994 8 17,360 53 0.89 1,314 5 0.95 6,484 11 0.67 191,551 186 0.33 6,971 13 0.65 4,870 9 0.47 228,548 276

1995 7 14,476 64 0.98 3,382 10 0.91 16,993 25 0.65 162,147 148 0.32 11,321 17 0.60 1,281 2 0.43 209,599 265
1996 5 31,502 161 1.04 223 1 0.83 7,272 13 0.73 285,276 309 0.35 10,202 27 0.77 2,240 4 0.47 336,715 515

1997 6 14,022 63 1.00 4,494 9 0.75 14,194 23 0.66 83,825 65 0.29 10,686 15 0.57 919 1 0.42 128,140 175
1998 4 15,672 51 0.90 1,088 4.0 0.96 2,070 3 0.64 169,971 151 0.29 10,881 15 0.54 5,441 9 0.39 205,123 233

1999 4 18,737 78 0.97 5,945 24.0 0.97 6,688 12 0.71 133,175 130 0.33 9,449 20 0.68 2,495 5 0.46 176,489 269
2000 5 28,822 90 0.88 4,061 22.0 1.09 5,372 8 0.66 57,150 63 0.35 2,521 5 0.64 704 1 0.46 98,630 189
2001 5 15,061 33 1.05 1,274 2.8 0.79 4,061 5 0.72 20,382 16 0.31 626 1 0.57 1,319 2 0.46 42,723 60
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Appendix H.8. Weighted mean zooplankton biomass by genera and lake enrichment time period for Afognak Lake,
1987-2001.
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Appendix H.9. Juvenile sockeye salmon estimates based on townet catches and hydroacoustic fish population estimates for
Afognak Lake, 1990 and 1992-1995.

                          Total Fish Estimates                            Sockeye Estimates Sockeye

      95%  Confidence Interval       95%  Confidence Interval Composition

Date Number Low High Number Low High (%)

9/4/90 3,605,299 1,842,657 5,367,941 30,051 19,848 40,254 0.6

9/10/92 2,582,981 2,120,870 3,045,092 135,462 111,748 159,176 5.5

10/9/93 3,002,179 2,675,902 3,328,456 172,461 127,629 217,293 4.5

10/12/94 3,439,596 2,441,089 4,438,103 1,996,715 1,477,661 2,515,769 52.1

9/12/95 2,097,152 1,479,667 2,714,637 23,069 16,277 29,861 1.1
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Appendix H.10. Townet catches from Afognak Lake, 1990 and 1992-1995.

a CPUE - Catch per unit of effort
b na - data were not available.

  Catch by Species

Number Total Sockeye Stickleback

Date of Tows Minutes Number % CPUEa Number % CPUEa

9/5/90 2 60 6 0.7 0.1 927 99.3 15.5

9/11/92 3 52 132 13.8 2.5 2,253 86.2 43.3

10/10/93 3 60 32 6.7 0.5 673 93.4 11.2

10/12/94 1 19 114 52.1 6.0 105 47.9 5.5

9/12/95 5 nab 37 1.1 nab 3,396 98.9 nab
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Appendix H.11. Mean length, weight, and condition coefficient by age for juvenile sockeye salmon captured by
townet from Afognak Lake, 1990 and 1992-1995.

         Age-0               Age-1

Length Weight Condition Length Weight Condition

Date n % (mm) (g) (K) n % (mm) (g) (K)

9/5/90 5 83.3 56.0 2.3 1.31 1 16.7 71.0 4.5 1.26

9/10/92 62 93.9 63.5 3.4 1.31 4 6.1 68.8 4.1 1.24

10/10/93 25 83.3 59.0 2.7 1.28 5 16.7 77.6 5.5 1.17

10/13/94 50 98.0 59.6 2.6 1.20 1 2.0 76.0 5.6 1.28

9/13/95 1 3.6 53.2 1.9 1.25 27 96.4 67.4 3.7 1.21
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Appendix H.12. Population estimate of the sockeye salmon smolt emigration from
Afognak Lake, 1990.

a The first mark/recapture test strata calculation on May 25 was expanded to the daily
catches from May 23-24.

Trap Catch                Dye Test
Sockeye Sockeye Estimated  95% C.I. Dyed Dyed Cum. Trap

Date Daily Cumulative Migration lower upper Released Recovered Recovered Efficiency

23-May 52 52 723 432 1,013 7.4% a

24-May 216 268 3,003 1,997 4,008 7.4% a

25-May 228 496 3,169 2,112 4,227 474 35 35 7.4%
26-May 84 580 1,168 736 1,599 0 35 7.4%
27-May 115 695 1,599 1,032 2,166 0 35 7.4%
28-May 45 740 626 366 885 0 35 7.4%
29-May 72 812 1,001 622 1,380 0 35 7.4%
30-May 72 884 1,440 752 2,128 342 18 18 5.3%
31-May 38 922 760 366 1,154 0 18 5.3%

1-Jun 90 1,012 1,800 958 2,642 0 18 5.3%
2-Jun 71 1,083 1,420 741 2,099 0 18 5.3%
3-Jun 100 1,183 2,000 1,072 2,928 0 18 5.3%
4-Jun 215 1,398 4,300 2,388 6,212 0 18 5.3%
5-Jun 260 1,658 5,200 2,903 7,497 0 18 5.3%
6-Jun 226 1,884 4,520 2,514 6,526 0 18 5.3%
7-Jun 202 2,086 2,359 1,626 3,092 480 42 42 8.8%
8-Jun 275 2,361 3,211 2,236 4,186 0 42 8.8%
9-Jun 226 2,587 2,639 1,828 3,452 0 42 8.8%

10-Jun 169 2,756 1,973 1,350 2,597 0 42 8.8%
11-Jun 107 2,863 1,249 833 1,666 0 42 8.8%
12-Jun 198 3,061 2,312 1,592 3,032 0 42 8.8%
13-Jun 49 3,110 572 352 793 0 42 8.8%
14-Jun 40 3,150 467 278 656 0 42 8.8%
15-Jun 64 3,214 747 475 1,019 0 42 8.8%
16-Jun 24 3,238 280 149 412 0 42 8.8%
17-Jun 5 3,243 58 8 109 0 42 8.8%
18-Jun 29 3,272 339 189 488 0 42 8.8%
19-Jun 22 3,294 257 133 381 0 42 8.8%
20-Jun 13 3,307 152 64 240 0 42 8.8%
21-Jun 21 3,328 245 125 365 0 42 8.8%
22-Jun 4 3,332 47 2 91 0 42 8.8%
23-Jun 10 3,342 117 41 192 0 42 8.8%
24-Jun 4 3,346 47 2 91 0 42 8.8%

Total: 3,346 3,346 49,800 30,274 69,326 1,296 95 7.1%
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Appendix H.13. Population estimate of the sockeye salmon smolt emigration
from Afognak Lake, 1991.

-Continued-

Trap Catch               Dye Test
Sockeye Sockeye Estimated 95% C.I. Dyed Dyed Cum. Trap

Date Daily Cumulative Migration lower upper Released Recovered Recovered Efficiency

13-May 1 1 12 0 34 8.6%a

14-May 7 8 84 21 147 8.6%a

15-May 8 16 95 27 164 8.6%a

16-May 5 21 60 8 112 8.6%a

17-May 5 26 60 8 112 8.6%a

18-May 31 57 370 205 535 8.6%a

19-May 15 72 179 79 279 8.6%a

20-May 44 116 525 311 739 8.6%a

21-May 125 241 1,492 981 2,003 8.6%a

22-May 54 295 645 393 896 8.6%a

23-May 77 372 919 583 1,255 8.6%a

24-May 1,184 1,556 14,133 9,818 18,448 8.6%a

25-May 571 2,127 6,816 4,701 8,930 431 34 34 7.9%
26-May 169 2,296 2,017 1,348 2,687 3 37 8.6%
27-May 289 2,585 3,450 2,348 4,551 0 37 8.6%
28-May 565 3,150 18,875 10,173 27,576 0 37 8.6%
29-May 154 3,304 5,145 2,687 7,602 0 37 8.6%
30-May 132 3,436 4,410 2,287 6,532 0 37 8.6%
31-May 616 4,052 20,578 11,102 30,055 0 37 8.6%

1-Jun 540 4,592 18,039 9,717 26,362 504 14 14 2.8%
2-Jun 187 4,779 6,247 3,288 9,206 1 15 3.0%
3-Jun 474 5,253 15,835 8,515 23,154 1 16 3.2%
4-Jun 173 5,426 3,187 1,991 4,383 0 16 3.2%
5-Jun 63 5,489 1,161 675 1,646 0 16 3.2%
6-Jun 490 5,979 9,027 5,796 12,258 0 16 3.2%
7-Jun 375 6,354 6,908 4,415 9,401 0 16 3.2%
8-Jun 91 6,445 1,676 1,009 2,344 499 25 25 5.0%
9-Jun 403 6,848 7,424 4,751 10,097 2 27 5.4%

10-Jun 257 7,105 4,735 2,999 6,470 1 28 5.6%
11-Jun 307 7,412 3,918 2,708 5,128 0 28 5.6%
12-Jun 177 7,589 2,259 1,532 2,986 0 28 5.6%
13-Jun 275 7,864 3,510 2,418 4,601 0 28 5.6%
14-Jun 210 8,074 2,680 1,830 3,530 0 28 5.6%
15-Jun 305 8,379 3,892 2,690 5,095 499 6 6 1.2%
16-Jun 246 8,625 3,139 2,156 4,123 32 38 7.6%
17-Jun 236 8,861 3,012 2,065 3,958 2 40 8.0%
18-Jun 425 9,286 5,776 3,934 7,618 0 40 8.0%
19-Jun 256 9,542 3,479 2,341 4,617 0 40 8.0%
20-Jun 132 9,674 1,794 1,174 2,414 0 40 8.0%
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Appendix H.13 (page 2 of 2)

a The first mark/recapture test strata calculation on May 25 was expanded to the
daily catches from May 13-24.

Trap Catch               Dye Test
Sockeye Sockeye Estimated 95% C.I. Dyed Dyed Cum. Trap

Date Daily Cumulative Migration lower upper Released Recovered Recovered Efficiency
21-Jun 194 9,868 2,637 1,757 3,516 0 40 8.0%
22-Jun 146 10,014 1,984 1,306 2,663 0 40 8.0%
23-Jun 99 10,113 1,345 864 1,827 477 34 34 7.1%
24-Jun 80 10,193 1,087 686 1,488 2 36 7.5%
25-Jun 87 10,280 1,182 752 1,613 0 36 7.5%
26-Jun 53 10,333 720 434 1,006 0 36 7.5%

Total: 10,333 228,108 196,516 118,873 274,159 2,410 157 6.6%
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Appendix H.14. Mean length, weight, and condition coefficient by age for sockeye salmon smolt sampled at
Afognak Lake, 1987-2001.

         Age-1               Age-2         Age-3
Sampling Length Weight Condition Length Weight Condition Length Weight Condition

Year Period n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

1987 8-Jun 36 74.9 3.6 0.85 186 79.3 3.6 0.86 0

1988 15-Jun 202 77.9 4.1 0.90 0 0

1989 15-Jun 208 76.8 4.1 0.91 2 78.0 5.2 1.10 0

1990 May23-June 24 544 68.8 2.5 0.76 21 77.3 3.4 0.73 0

1991 May 13-June 26 1,895 72.9 3.1 0.78 176 78.3 3.9 0.81 0

1992 June 7-20 268 77.0 3.8 0.82 37 76.9 3.8 0.83 0

1993 May 24-30 274 72.7 3.0 0.78 21 74.8 3.3 0.79 0

1994 May 17-23 138 72.0 3.0 0.81 142 84.3 4.7 0.79 0

1995 May 31-June 13 394 69.4 2.8 0.84 5 78.8 3.6 0.74 0

1996 June 5-11 54 80.9 4.6 0.87 339 81.6 4.8 0.88 0

1997 May 24-30 76 81.7 4.3 0.78 122 82.1 4.4 0.79 1 90.0 5.6 0.77

1998 May 24-30 116 66.4 2.6 0.82 46 88.0 6.6 0.90 1 103.0 10.0 0.92

1999 May 31-June 6 96 74.6 2.8 0.66 98 66.6 2.1 0.69 0

2000 May 31-June 13 84 81.5 4.9 0.89 100 85.3 5.6 0.89 16 88.0 6.0 0.88

2001 June 11-13 44 90.1 7 0.93 17 85.6 5.8 0.92 1 136 23.1 0.92
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Appendix H.15. Estimated age composition of the Afognak Lake sockeye salmon escapement, 1987-2001.

-Continued-

Ages
Year Size 0.2 0.3 1.1 1.2 2.1 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 Total
1987 281 Percent 0.0 0.0 6.4 37.0 1.1 36.3 4.3 0.0 0.0 14.6 0.0 0.0 0.0 100

Numbers 0 0 1,695 9,797 284 9,609 1,131 0 0 3,863 0 0 0 26,474

1988 933 Numbers 51 55 263 23,059 824 9,773 4,488 0 0 429 0 0 0 39,012
Percent 0.1 0.1 0.7 59.1 2.1 25.1 11.5 0.0 0.0 1.1 0.0 0.0 0.0 100

1989 1,088 Numbers 0 0 13,288 13,404 3,135 35,165 16,314 0 0 7,519 0 0 0 88,825
Percent 0.0 0.0 15.0 15.1 3.5 39.6 18.4 0.0 0.0 8.5 0.0 0.0 0.0 100

1990 1,053 Numbers 0 26 597 42,314 553 20,518 7,754 0 261 18,613 0 26 0 90,662
Percent 0.0 0.0 0.7 46.7 0.6 22.6 8.6 0.0 0.3 20.5 0.0 0.0 0.0 100

1991 1,062 Numbers 0 0 295 13,054 196 67,805 3,101 0 0 4,106 0 0 0 88,557
Percent 0.0 0.0 0.3 14.7 0.2 76.6 3.5 0.0 0.0 4.6 0.0 0.0 0.0 100

1992 1,025 Numbers 0 0 16,362 17,115 7,681 23,096 2,938 90 394 9,526 61 0 0 77,263
Percent 0.0 0.0 21.2 22.2 9.9 29.9 3.8 0.1 0.5 12.3 0.0 0.0 0.0 100

1993 852 Numbers 0 0 11,837 7,634 12,318 21,667 8,818 53 0 8,965 163 0 0 71,455
Percent 0.0 0.0 16.6 10.7 17.2 30.3 12.3 0.1 0.0 12.5 0.2 0.0 0.0 100

1994 840 Numbers 222 0 7,703 24,648 3,337 28,385 8,316 125 61 7,708 64 0 0 80,569
Percent 0.3 0.0 9.6 30.6 4.1 35.2 10.3 0.2 0.1 9.6 0.1 0.0 0.0 100

1995 848 Numbers 0 161 2,281 21,788 837 56,367 10,773 0 149 7,776 0 0 0 100,132
Percent 0.0 0.2 2.3 21.8 0.8 56.3 10.8 0.0 0.1 7.8 0.0 0.0 0.0 100

1996 1,119 Numbers 0 80 16,340 9,398 2,184 44,744 2,095 0 185 26,427 80 185 0 101,718
Percent 0.0 0.1 16.0 9.2 2.1 44.0 2.1 0.0 0.2 26.0 0.1 0.2 0.0 100

1997 1,168 Numbers 0 0 5,234 29,004 7,330 47,888 2,351 0 41 14,840 0 0 170 106,858
Percent 0.0 0.0 4.9 27.1 6.9 44.8 2.2 0.0 0.0 13.9 0.0 0.0 0.2 100

1998 1,240 Numbers 0 0 13,039 5,483 5,082 31,763 7,289 134 267 3,812 0 0 0 66,869
Percent 0.0 0.0 19.5 8.2 7.6 47.5 10.9 0.2 0.4 5.7 0.0 0.0 0.0 100

Sample
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Appendix H.15 (page 2 of 2)

a In 1999, 72 (0.1%) sockeye salmon were aged 0.4.

Source:

1987-1989 age compositions from White et al. Limnological and Fisheries Assessment of Sockeye Salmon Production
in Afognak Lake. 1990.

1990-1993,1996-1997 age composition from ADF&G Database, unpublished.
1998 age compositions from Nelson, P.A. 1999. Kodiak Management Area Salmon Escapement and Catch Sampling

Results, 1998.
1999 age compositions from Nelson, P.A. and M.B.Foster. 2000. Kodiak Management Area Salmon Escapement and

Catch Sampling Results, 1999.
2000 age compositions from Witteveen, M.J. and M.B.Foster. 2000. Kodiak Management Area Salmon Escapement

and Catch Sampling Results, 2000.
2001 age compositions from Witteveen, M.J. and M.B.Foster. 2002. Kodiak Management Area Salmon Escapement

and Catch Sampling Results, 2001.

Ages
Year Size 0.2 0.3 1.1 1.2 2.1 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 Total

1999a 1,195 Numbers 0 0 661 30,350 427 6,911 30,943 72 202 5,466 456 0 0 75,488
Percent 0.0 0.0 0.9 40.2 0.6 9.1 41.0 0.1 0.3 7.2 0.6 0.0 0.0 100

2000 1,161 Numbers 21 0 887 1,276 171 8,302 3,084 0 0 37,238 1,753 0 485 53,217
Percent 0.0 0.0 1.7 2.4 0.3 15.6 5.8 0.0 0.0 70.0 3.3 0.0 0.9 100

2001 790 Numbers 0 0 137 2,393 833 5,473 676 1,877 0 9,328 0 0 156 20,873
Percent 0.0 0.0 0.7 11.4 4.0 26.2 3.2 9.0 0.0 44.6 0.0 0.0 0.7 100

Sample
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Appendix I.1. Morphometric map showing the limnology and zooplankton stations on Upper Malina Lake.
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Appendix I.2. Morphometric map showing the limnology station on Lower Malina Lake.
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Appendix I.3. Juvenile sockeye salmon releases into Malina Lake, 1992-1999.

a Fry are released from April to July at up to 200% of emergent size (normally
0.15 to 0.5 g depending on the stock).  Fingerling are released from June to
September at a size of >200% to <2100% of emergent size (normally 0.3 to
5.25 g depending on the stock).  Pre-smolt are released from August to
November at a size of >2100% of emergent size but not yet at the
physiological stage of smolting (normally 5 to 13 g.).

Release Life Stagea Total

Year Broodstock fry fingerling presmolt Stocked

1992 Malina 85,000 85,000

1993 Malina 201,000 11,700 212,700

1994 Malina 547,000 547,000

1995 Malina 53,500 53,500

1996 Malina 182,000 229,300 411,300

1997 Malina 166,000 224,400 390,400

1998 Malina 93,300 257,200 350,500

1999 Malina 285,000 121,000 406,000
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Appendix I.4. The amount of nutrient enrichment additions and ratios into
Upper and Lower Malina Lakes, 1991-2001.

a Nitrogen-Phosphorus-Potassium

Lake Year Fertilizer ratioa Amount (kg)

Upper Malina 1991 20-5-0 3,636
1991 32-0-0 1,636
1992 20-5-0 3,636
1992 32-0-0 1,636
1993 20-5-0 5,454
1994 20-5-0 5,454
1995 20-5-0 5,454
1996 20-5-0 6,096
1997 20-5-0 5,080
1998 20-5-0 8,618
1999 20-5-1 11,765
2000 20-5-0 8,710
2001 20-5-1 4,977

Lower Malina 1996 20-5-0 2,032
1997 20-5-0 2,540
1998 20-5-0 2,901
1999 20-5-1 4,706
2000 20-5-0 3,023
2001 20-5-1 1,511
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Appendix I.5. Limnological sampling stations and total samples
collected for Upper and Lower Malina Lakes, 1989-
2001.

Sampling Total

Year Stations Samples

1989 1, 2 3

1990 1, 2 5

1991 1, 2 6

1992 1, 2 7

1993 1, 2 7

1994 1-3 8

1995 1-3 7

1996 1-3 5

1997 1-3 6

1998 1, 2 4

1999 1, 2 4

2000 1, 2 4

2001 1, 2 4
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Appendix I.6.  Summary of seasonal mean water chemistry parameters for Lower Malina Lake, 1989-2001.

SD - standard deviation
na - parameters were not analyzed.

Sta Depth
Year tion (m)(umhos/cm) S.D. (Units) S.D. (mg/L) S.D. (NTU) S.D. (Pt units) S.D. (mg/L) S.D. (mg/L) S.D. (ug/L) S.D.
1989 1 1 82.0 0.0 7.5 0.1 21.0 1.0 0.4 0.1 8.7 2.0 7.6 0.5 1.6 0.1 38.3 11.2

1 11 81.0 1.0 7.4 0.2 21.7 1.2 0.5 0.1 8.3 0.7 7.4 0.5 1.6 0.1 41.7 11.5
1990 1 1 80.8 1.1 7.3 0.1 22.8 1.9 0.7 0.2 5.0 0.7 7.1 0.9 1.5 0.2 27.4 17.1

1 10 81.0 1.2 7.3 0.1 22.1 1.5 0.6 0.2 5.0 0.0 7.3 1.2 1.7 0.5 22.6 17.4
1991 1 1 77.1 2.3 7.3 0.2 21.6 1.8 1.0 0.8 7.7 4.0 6.9 0.3 1.7 0.5 69.9 88.3

1 10 77.0 2.3 7.3 0.2 21.3 3.7 0.8 0.2 13.6 10.2 7.2 0.9 1.5 0.3 58.4 53.0
1992 1 1 76.1 2.4 7.2 0.3 21.6 1.4 0.7 0.2 8.9 4.8 7.7 1.0 1.7 0.4 22.3 10.7

1 9 75.3 2.0 7.2 0.2 21.7 1.6 0.7 0.4 5.9 1.2 7.5 0.9 1.6 0.8 23.7 27.6
1993 1 1 77.0 2.5 7.1 0.3 20.6 1.5 0.7 0.3 7.0 3.4 7.2 0.5 1.5 0.4 34.7 11.0

1 10 77.6 2.4 7.0 0.4 20.1 2.4 0.9 0.5 6.4 2.0 7.4 0.6 1.8 0.5 59.4 45.9
1994 1 1 75.3 2.6 6.9 0.1 21.1 0.9 0.7 0.2 15.8 14.1 8.0 1.9 1.7 0.4 40.1 18.9

1 9 76.8 5.3 6.9 0.2 20.9 1.1 0.8 0.3 9.4 6.2 7.9 1.9 1.5 0.3 40.9 16.2
1995 1 1 80.4 3.5 6.9 0.1 20.5 1.1 1.0 0.3 5.3 1.8 7.0 0.3 2.0 0.2 42.9 18.3

1 9 81.6 2.8 7.0 0.2 20.3 0.1 1.2 0.5 4.4 2.7 6.9 0.3 1.9 0.2 64.4 33.3
1996 1 1 80.6 2.2 7.2 0.1 21.7 0.8 0.8 0.4 11.8 1.9 7.3 0.2 1.9 0.4 21.8 10.1

1 9 82.3 1.3 7.3 0.2 22.3 0.7 0.5 0.0 12.5 6.9 6.9 0.5 1.6 0.6 34.8 8.4
1997 1 1 78.7 1.2 7.5 0.2 23.3 0.8 0.7 0.3 7.5 1.8 6.7 0.6 1.7 0.6 23.7 16.2

1 9 79.8 1.3 7.5 0.1 23.3 1.3 0.7 0.4 12.5 8.9 6.9 0.5 1.6 0.5 20.3 8.8
1998 1 1 71.7 1.5 7.3 0.1 25.4 4.0 1.2 0.7 9.3 4.0 6.6 0.1 1.6 0.2 17.3 7.5

1 11 71.0 na 7.3 na 22.5 na 1.1 na 5.0 na 6.9 na 1.6 na 24.0 na
1999 1 1 78.3 0.5 6.9 0.3 20.9 1.1 1.0 0.7 11.5 7.8 7.4 0.2 1.6 0.2 46.8 14.6
2000 1 1 na na 7.4 0.3 13.9 0.7 na na na na na na na na na na
2001 1 1 na na 7.4 0.4 17.6 5.5 na na na na na na na na na na

pHSp. Conductivity Alkalinity Turbidity Color Calcium Magnesium Iron
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Appendix I.7.  Summary of seasonal mean water chemistry parameters for Upper Malina Lake, 1989-2001.

SD - standard deviation
na - parameters were not analyzed.

Sta Depth
Year tion (m) (umhos/cm) S.D. (Units) S.D. (mg/L) S.D. (NTU) S.D. (Pt units) S.D. (mg/L) S.D. (mg/L) S.D. (ug/L) S.D.
1989 2 1 80.0 1.0 7.5 0.1 19.7 1.5 0.8 0.2 8.1 0.8 7.0 0.4 1.5 1.3 48.7 11.6

2 19 87.3 13.6 7.8 0.6 23.7 8.1 0.6 0.1 7.9 0.7 6.9 0.4 2.8 2.4 45.7 28.7
1990 2 1 78.2 1.6 6.7 1.4 21.0 1.4 0.9 0.2 6.4 1.5 7.1 0.9 1.5 0.2 38.6 19.9

2 25 79.0 1.4 7.2 0.3 21.1 1.2 0.7 0.3 8.4 3.3 6.9 0.9 1.4 0.4 43.0 26.3
1991 2 1 74.0 4.2 7.2 0.2 19.5 4.2 1.0 0.5 10.4 3.8 7.4 1.0 1.5 1.0 60.6 30.6

2 27 74.1 4.4 7.1 0.3 20.1 3.2 0.7 0.2 10.7 4.0 7.2 0.5 1.5 0.7 58.6 37.9
1992 2 1 72.9 1.5 7.2 0.2 20.4 1.2 0.8 0.3 5.7 2.4 7.1 1.1 1.6 0.7 29.0 13.5

2 26 73.6 1.6 7.0 0.2 19.9 0.8 0.7 0.3 5.6 1.6 7.3 1.1 1.6 0.7 38.6 15.3
1993 2 1 75.6 1.5 7.0 0.4 21.5 2.7 0.9 0.6 7.3 2.1 7.3 0.6 1.7 0.4 46.6 8.0

2 27 76.0 2.3 6.9 0.3 20.5 2.4 0.9 0.5 7.3 2.8 7.0 0.3 1.8 0.4 51.7 15.6
1994 2 1 71.1 2.0 6.9 0.2 19.1 1.0 1.0 0.2 6.9 1.6 6.8 0.3 1.4 0.2 52.6 27.8

2 27 72.1 2.0 6.7 0.1 18.9 0.8 1.0 0.4 8.9 4.5 6.9 0.2 1.5 0.3 60.5 22.1
1995 2 1 79.0 3.2 7.0 0.2 18.6 1.2 1.0 0.2 6.9 3.3 6.3 0.3 2.0 0.5 57.0 28.9

2 27 80.4 4.6 6.8 0.3 18.6 1.5 1.0 0.4 5.8 3.2 6.7 0.5 1.7 0.4 68.3 26.3
1996 2 1 87.8 0.8 7.2 0.2 19.8 0.7 1.0 0.5 12.2 3.5 6.4 0.1 1.7 0.4 30.6 9.2

2 27 79.2 2.2 6.9 0.2 19.4 1.0 0.9 0.5 13.2 4.9 6.6 0.4 1.7 0.4 46.6 13.3
1997 2 1 76.7 0.8 7.4 0.1 21.7 1.2 0.8 0.3 9.7 2.9 6.3 0.2 1.6 0.4 24.0 13.5

2 27 77.5 1.2 7.1 0.3 20.2 0.7 1.2 0.4 8.0 2.3 6.3 0.3 1.6 0.4 31.8 15.8
1998 2 1 69.0 1.0 7.3 0.1 23.8 2.8 1.3 1.0 10.3 1.2 6.6 0.5 1.3 0.2 23.0 3.6

2 26 69.0 na 7.2 na 21.4 na 2.0 na 6.0 na 6.8 na 1.3 na 28.0 na
1999 2 1 76.0 1.6 6.9 0.2 19.7 0.9 1.5 0.7 8.8 1.0 6.7 0.2 1.7 0.2 70.5 28.7
2000 2 1 na na 7.4 0.3 14.3 2.3 na na 0.2 0.0 na na na na na na
2001 2 1 na na 7.5 0.6 18.0 3.7 na na na na na na na na na na

Color Calcium Magnesium IronSp. Conductivity pH Alkalinity Turbidity
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Appendix I.8.  Summary of seasonal mean nutrient and algal pigment concentrations for Lower Malina Lakes, 1989-2001.

SD - standard deviation
na - parameters were not analyzed.

        Total      Filterable          Total      Reactive      Organic
Sta Depth

Year tion (m) (ug/L P) SD (ug/L P) SD (ug/L P) SD (ug/L N) SD (ug/L N) SD (ug/L N) SD (ug/L Si) SD (ug/L) SD (ug/L) SD (ug/L) SD
1989 1 1 5.7 0.3 3.7 0.7 4.3 0.6 139.2 1.7 7.5 5.8 85.1 21.3 2499.3 125.7 na na 0.61 0.2 0.37 0.1

1 11 5.7 0.8 3.2 0.4 3.8 0.4 131.6 8.5 12.2 8.2 84.3 18.8 2559.3 84.6 na na 0.47 0.3 0.38 0.1
1990 1 1 5.0 0.5 3.2 0.6 2.4 0.4 84.9 26.8 9.2 5.5 75.2 31.3 2964.4 536.6 190.4 106.3 1.15 0.5 0.52 0.2

1 10 5.6 1.2 3.5 0.9 2.5 0.3 87.5 26.6 10.4 7.0 74.5 30.9 2883.0 619.9 187.4 76.4 1.03 0.5 0.52 0.1
1991 1 1 4.9 1.2 3.2 2.2 3.1 2.1 121.1 26.5 10.0 7.2 90.6 50.7 2559.9 207.1 na na 1.40 0.7 0.59 0.1

1 10 5.6 1.9 6.9 10.0 6.1 9.0 121.1 30.2 13.9 6.5 101.1 33.2 2552.7 207.8 na na 1.10 0.8 0.57 0.2
1992 1 1 5.8 1.5 4.9 4.0 3.6 2.9 137.5 8.3 8.3 4.9 119.3 45.1 2766.6 247.1 168.1 48.2 0.83 0.2 0.46 0.1

1 9 5.0 0.7 2.3 0.7 1.8 0.3 125.6 21.4 9.9 5.1 131.0 51.5 2707.9 176.0 149.3 55.9 0.81 0.2 0.45 0.1
1993 1 1 5.6 1.4 3.0 0.7 2.5 0.5 141.8 14.8 6.1 4.7 97.8 51.1 2644.6 142.1 148.5 56.8 1.57 0.9 0.47 0.2

1 10 5.3 1.7 2.7 1.5 2.5 1.2 134.4 15.4 8.7 5.7 100.3 52.1 2758.6 212.1 188.8 55.9 1.27 0.8 0.48 0.2
1994 1 1 6.0 1.2 10.2 12.9 8.9 11.3 153.7 10.3 7.7 4.6 111.4 48.0 2541.4 135.9 176.3 73.1 1.22 0.4 0.31 0.1

1 2 na na na na na na na na na na na na na na na na 1.18 0.4 0.31 0.1
1 9 5.3 1.0 4.5 2.0 4.0 1.7 139.5 10.4 10.6 5.8 112.3 47.2 2558.5 153.7 156.1 54.9 0.88 0.4 0.30 0.0

1995 1 1 7.3 6.4 4.5 5.3 2.1 1.2 151.8 17.2 11.2 8.4 82.8 41.3 2880.4 169.8 241.9 75.8 3.10 1.5 0.60 0.3
1 2 na na na na na na na na na na na na na na na na 2.89 1.1 0.64 0.2
1 9 6.6 2.1 2.3 0.5 1.7 0.3 149.9 14.2 13.2 9.9 84.8 36.7 2894.9 208.6 281.6 124.1 2.84 1.6 0.71 0.2

1996 1 1 6.0 1.3 5.5 1.2 3.1 2.6 110.7 23.1 9.0 6.9 75.6 39.4 2655.6 210.6 145.8 35.7 1.67 0.4 0.48 0.2
1 2 na na na na na na na na na na na na na na na na 1.48 0.3 0.46 0.3
1 9 7.4 3.8 5.9 2.1 2.9 1.0 95.4 24.2 12.2 15.1 84.4 41.0 2669.0 231.3 128.8 26.9 1.45 0.5 0.51 0.2

1997 1 1 6.8 2.5 2.6 1.1 2.0 1.0 126.9 28.1 6.2 4.0 43.5 37.9 2599.3 281.4 147.2 41.0 1.15 0.3 0.83 0.4
1 2 na na na na na na na na na na na na na na na na 1.13 0.3 0.78 0.3
1 9 5.2 1.2 5.2 6.3 4.3 5.3 115.8 20.0 13.6 10.9 48.6 40.3 2568.2 271.9 125.8 34.7 0.96 0.3 0.72 0.2

1998 1 1 9.5 1.5 5.0 2.7 3.5 1.7 168.3 15.1 27.0 8.6 69.0 7.6 2479.3 493.5 91.3 40.4 0.50 0.0 0.60 0.1
1 11 9.6 na 2.6 na 1.4 na 175.0 na 37.6 na 64.6 na 1955.0 na 80.0 na 0.73 na 0.89 na

1999 1 1 8.9 5.8 4.6 3.1 3.6 3.7 159.0 57.3 15.8 9.6 164.0 30.2 2606.0 430.8 229.3 49.1 1.01 0.47 0.27 0.10
2000 1 1 13.0 6.3 6.2 4.1 1.7 0.9 189.0 0.0 23.9 13.1 168.2 33.2 na na na na 1.79 1.17 0.54 0.39
2001 1 1 9.5 5.7 3.9 2.8 3.7 3.6 21.4 na 6.6 4.6 130.9 45.1 na na na na 2.19 0.65 0.36 0.25

Chlorophyll a Phaeophytin aAmmonia Nitrate+Nitrite  Silicon  CarbonTotal-P    Filterable P   Reactive P     Kjeldahl N
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Appendix I.9.  Summary of seasonal mean nutrient and algal pigment concentrations for Upper Malina Lake, 1989-2001.

SD - standard deviation
na - parameters were not analyzed.

      Total    Filterable          Total      Reactive     Organic
Sta Depth

Year tion (m) (ug/L P) SD (ug/L P) SD (ug/L P) SD (ug/L N) SD (ug/L N) SD (ug/L N) SD (ug/L Si) SD (ug/L) SD (ug/L) SD (ug/L) SD
1989 2 1 6.0 0.3 4.1 0.5 5.1 0.8 136.4 21.3 6.5 3.3 128.5 44.8 2,741 149.4 0.0 0.0 0.80 0.3 1.27 0.1

2 19 6.1 1.0 3.2 0.5 4.3 0.2 133.5 16.9 10.6 10.3 136.5 35.4 2,789 152.9 0.0 0.0 0.31 0.1 0.52 0.0
1990 2 1 5.4 1.2 4.0 1.1 2.9 0.9 84.9 40.7 6.3 0.7 79.5 36.5 3,165 481.9 229.0 38.1 1.37 0.7 0.63 0.2

2 25 4.8 1.2 4.5 2.7 3.8 2.2 71.4 39.5 17.2 14.8 103.5 13.3 3,244 425.8 133.0 55.7 0.50 0.3 0.40 0.1
1991 2 1 9.7 6.3 4.2 2.9 3.7 2.9 167.2 67.0 14.0 8.8 82.0 62.2 2,642 218.9 0.0 0.0 2.72 2.8 0.64 0.2

2 27 7.0 2.5 3.8 2.7 3.4 2.2 137.4 22.9 23.4 14.3 131.7 49.4 2,876 127.5 0.0 0.0 0.97 0.6 0.40 0.1
1992 2 1 6.7 2.5 3.0 2.6 2.1 2.2 139.8 40.3 8.1 4.1 119.8 48.1 2,867 160.6 321.3 99.2 2.61 1.6 1.04 0.6

2 26 5.0 1.6 2.5 1.3 1.4 0.9 99.5 20.6 15.6 11.7 162.0 49.7 3,078 170.8 168.1 108.7 0.74 0.6 0.55 0.4
1993 2 1 8.1 3.0 3.3 1.2 3.1 1.1 175.4 42.9 6.5 6.3 92.7 78.2 2,688 212.7 322.5 98.8 3.36 1.9 0.72 0.6

2 27 5.0 1.0 3.1 1.3 2.9 0.9 122.1 24.1 19.9 20.0 189.8 54.0 3,037 229.1 121.5 36.5 0.84 0.4 0.44 0.2
1994 2 1 6.9 2.7 2.8 0.7 3.0 0.7 161.7 24.0 6.5 2.9 125.8 67.7 2,632 201.6 251.8 84.4 2.36 0.8 0.52 0.4

2 2 na na na na na na na na na na na na na na na na 2.38 0.8 0.45 0.3
2 27 6.4 1.2 3.9 1.4 3.8 1.9 140.5 9.3 19.0 13.6 135.1 62.0 2,926 243.7 152.4 49.6 0.98 0.7 0.29 0.1

1995 2 1 7.7 2.4 3.2 1.5 2.3 0.9 162.3 36.7 6.9 5.2 105.7 53.1 2,940 174.8 325.5 117.5 4.68 2.5 1.01 0.7
2 2 na na na na na na na na na na na na na na na na 4.28 2.6 0.86 0.6
2 27 5.9 1.0 2.1 0.8 1.7 0.6 128.6 21.6 24.8 15.0 147.4 22.7 3,112 204.0 155.6 25.5 1.23 0.6 0.56 0.2

1996 2 1 7.7 1.9 5.1 0.8 2.4 0.6 134.0 39.1 3.0 2.0 70.9 55.8 2,704 246.0 281.0 172.7 3.40 1.9 0.82 0.5
2 2 na na na na na na na na na na na na na na na na 3.06 1.5 0.66 0.4
2 27 6.3 1.6 4.6 1.1 3.2 1.4 99.0 32.2 10.6 14.2 136.2 53.8 3,053 304.0 136.2 49.3 1.23 0.7 0.53 0.2

1997 2 1 6.6 1.9 3.3 1.6 2.8 1.5 131.6 24.8 11.1 1.4 58.3 42.0 2,726 242.3 222.8 75.9 1.92 0.8 1.07 0.5
2 2 na na na na na na na na na na na na na na na na 2.01 0.8 1.14 0.5
2 27 7.0 1.8 2.3 0.7 1.9 0.6 120.3 35.7 14.7 7.5 121.5 40.7 3,074 467.2 116.0 33.7 0.89 0.2 0.70 0.2

1998 2 1 7.5 1.8 3.1 0.1 2.6 0.6 171.8 19.7 12.6 7.9 39.2 24.3 2,396 279.8 232.3 42.3 1.70 1.1 1.20 0.5
2 26 7.0 na 2.7 na 2.1 na 145.0 na 26.4 na 39.1 na 2,416 na 144.0 na 0.92 na 0.80 na

1999 2 1 10.0 4.0 2.7 0.7 1.9 0.7 172.9 52.6 10.9 9.5 139.5 57.2 2,490 565.1 303.8 110.7 2.65 2.17 0.24 0.17
2000 2 1 14.1 3.5 6.6 4.2 2.8 2.4 38.7 0.0 16.1 6.5 121.4 74.5 na na na na 2.24 1.30 1.03 0.75
2001 2 1 11.9 5.7 6.4 2.8 6.6 6.4 52.4 na 3.9 2.9 93.3 93.2 na na na na 4.00 2.00 0.90 0.60

Chlorophyll a Phaeophytin aTotal-P  Filterable P  Reactive P   Kjeldahl N Ammonia Nitrate+Nitrite  Silicon Carbon
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Appendix I.10. Weighted mean zooplankton density, biomass, and size by genera from Upper Malina Lake, 1989-1998.

No. of Epischura Diaptomus Cyclops Bosmina Daphnia sp. Holopedium TOTALS

Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1989 3 2,566 6.1 0.8 1,194 2.7 0.8 442 0.4 0.5 32,245 23.2 0.3 0 0.0 0.0 44 <1 0.6 36,492 32

1990 5 2,229 18.9 1.3 4,910 10.1 0.8 929 0.9 0.5 42,251 43.1 0.3 0 0.0 0.5 212 0.6 0.5 50,531 74

1991 6 7,042 40.3 1.1 8,935 40.5 1.0 1,292 1.8 0.6 92,286 82.2 0.3 0 0.0 0.0 168 0.4 0.5 109,722 165

1992 7 2,828 11.3 1.0 13,467 25.1 0.7 1,130 1.3 0.6 112,307 99.1 0.3 243 0.0 0.0 0 0.0 0.0 129,974 137

1993 7 8,492 43.0 1.0 1,251 5.0 1.0 2,844 3.6 0.6 219,025 178.2 0.3 0 0.0 0.0 0 0.0 0.4 231,612 230

1994 8 3,689 16.0 1.0 6,940 20.3 0.9 2,036 2.2 0.6 75,241 60.4 0.3 80 0.2 0.7 146 0.4 0.6 88,131 99

1995 7 5,241 42.9 1.2 11,970 39.6 0.9 2,555 3.9 0.7 78,455 72.3 0.3 9 0.0 0.8 60 0.2 0.6 98,290 159

1996 5 3,091 15.0 1.0 2,255 9.0 1.0 2,335 2.3 0.5 147,427 116.8 0.3 244 0.4 0.6 0 0.0 0.6 155,353 143

1997 6 1,062 3.1 0.9 6,131 12.2 0.8 1,373 1.5 0.6 103,263 80.6 0.3 3,593 4.3 0.5 35 0.1 0.5 115,456 102

1998 4 6,714 55.9 1.2 4,432 14.0 0.9 3,503 3.6 0.6 144,666 138.3 0.3 8,626 11.9 0.6 637 1.2 0.5 168,578 225

1999 4 3,583 15.7 1.0 15,128 61.6 1.0 2,479 3.1 0.6 159,562 154.0 0.3 1,218 1.9 0.6 88 0.2 0.5 182,057 236

2000 5 5,434 19.4 0.9 5,454 24.7 1.0 1,347 1.4 0.6 91,169 87.1 0.3 3,337 5.0 0.6 0 0.0 0.0 106,741 138

2001 5 12,585 24.2 0.7 6,274 18.5 0.9 1,024 1.2 0.6 37,532 36.3 0.3 2,468 3.7 0.7 180 0.5 0.5 60,063 84
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Appendix I.11. Weighted mean zooplankton biomass by genera and lake enrichment period for Upper Malina Lake,
1989-2001.

0

50

100

150

200

250

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

W
ei

gh
te

d 
Z

oo
pl

an
kt

on
 B

io
m

as
s 

(m
g/

m
 2  )

Bosmina Daphnia Cyclops Holopedium Epischura Diaptomus



213

Appendix I.12. Weighted mean zooplankton density, biomass, and size by genera for Lower Malina Lake, 1989-2001.

No. of Epischura Diaptomus Cyclops Bosmina Daphnia sp. TOTALS

Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1989 3 0 0.0 0.00 486 1.0 0.77 133 0.3 0.84 177 0.4 0.81 16,808 11.7 0.28 17,604 13

1990 5 22 0.0 0.60 338 1.9 1.09 879 1.2 0.66 166 0.2 0.58 9,207 7.8 0.31 10,611 11

1991 6 0 0.0 0.00 318 1.2 0.93 513 3.2 1.14 1,420 2.1 0.67 15,823 11.7 0.29 18,074 18

1992 7 7 0.0 0.42 547 0.6 0.61 243 0.4 0.70 369 0.9 0.85 10,344 8.4 0.30 11,510 10

1993 7 38 0.0 0.47 1,797 4.4 0.81 15 0.1 1.11 432 1.1 0.86 19,305 14.7 0.29 21,588 20

1994 8 384 0.4 0.54 238 0.7 0.86 292 0.4 0.67 109 0.1 0.56 13,779 8.8 0.27 14,801 10

1995 7 295 0.3 0.56 531 1.3 0.81 819 1.0 0.64 223 0.3 0.63 9,616 6.3 0.27 11,484 9

1996 4 366 0.3 0.52 175 0.7 0.94 350 0.5 0.66 454 0.6 0.63 9,395 6.1 0.27 10,740 8

1997 6 371 0.3 0.53 186 0.6 0.90 276 0.6 0.77 75 0.1 0.71 24,676 15.7 0.27 25,584 17

1998 4 406 0.4 0.55 263 1.1 0.97 231 0.3 0.66 311 0.3 0.00 0 24.7 0.00 1,210 27

1999 4 146 0.1 0.41 215 0.4 0.72 526 2.9 1.09 398 0.6 0.00 0 39.7 0.00 1,285 44

2000 5 741 1.2 0.69 345 1.3 0.95 330 0.3 0.55 9,533 8.6 0.32 652 0.9 0.56 11,601 12

2001 6 583 0.8 0.66 66 0.3 1.01 36 0.1 0.68 10,192 6.9 0.28 346 0.5 0.60 11,223 8
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Appendix I.13. Weighted mean zooplankton biomass by genera and lake enrichment period for Lower Malina Lake, 1989-2001.
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Appendix I.14. Juvenile sockeye salmon estimates based on townet catch species composition and hydroacoustic fish
population estimates for Upper and Lower Malina Lakes, 1990 and 1992-1995.

a hydroacoustic survey conducted on the upper lake.
b hydroacoustic survey conducted on the lower lake.

               Total Fish Estimates                   Sockeye Estimates Sockeye

 95%  Confidence Interval  95%  Confidence Interval Composition

Date Number Low High Number Low High (%)

1-Oct-90 481,725 377,207 586,243 78,039 61,107 94,971 16.2

11-Sep-92 1,607,325 1,125,782 2,088,868 170,620 112,213 229,027 11.4

4-Oct-93 1,308,928 1,188,320 1,429,536 123,095 110,681 135,509 9.7

9-Oct-94 a 2,110,452 1,583,000 2,637,904 39,709 32,326 47,092 1.7

11-Oct-94 b 335,565 197,413 473,717 27,351 17,469 37,233 6.0

14-Sep-95 1,657,937 1,290,806 2,025,068 243,903 186,938 300,868 14.9
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Appendix I.15. Townet catches from Upper and Lower Malina Lakes, 1990 and 1992-
1995.

a  townet surveys conducted on the upper lake.
b  townet surveys conducted on the lower lake.
c The times for each tow were not available.

     Catch by Species

              Tow Sockeye Stickleback

Date No. Minutes No. % CPUE No. % CPUE

2-Oct-90 3 60 97 17.9 1.6 503 82.1 8.4

12-Sep-92 3 51 49 11.4 1.0 379 88.6 7.4

5-Oct-93 3 48 50 9.7 1.0 466 90.3 9.7

10-Oct-94 a 4 67 35 1.7 0.5 1,987 98.3 29.7

11-Oct-94 b 4 69 35 6.0 0.5 547 94.0 7.9

15-Sep-95 4 nac 30 14.9 na 172 85.1 na
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Appendix I.16. Mean length, weight, and condition coefficient by age of juvenile sockeye salmon captured by townet
from Upper and Lower Malina Lakes, 1990 and 1992-1995.

a  samples collected from the upper lake.
b  samples collected from the lower lake.

         Age-0               Age-1               Age-2

Length Weight Condition Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

10/2/90 43 46.1 0.8 0.83 11 62.4 2.3 0.91 0

9/12/92 22 44.0 1.1 1.25 11 65.6 3.4 1.18 0

10/5/93 47 50.4 1.5 1.18 11 70.6 4.2 1.17 0

10/10/94 a 12 48.7 1.4 1.09 9 65.6 3.1 1.10 0

10/11/94 b 31 49.8 1.3 0.99 1 57.0 1.8 0.97 0

9/15/95 7 43.0 1.0 1.28 15 64.2 3.2 1.11 1 74 4.3 1.07
                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.                          Upper and Lower Malina Lakes, 1990 and 1992-1995.
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Appendix I.17. Estimated number of sockeye salmon smolt outmigrating from Malina Lake by year and age class,
1992 and 1997-2001.

Number and Relative Percent Total

of Smolt by Age Class Population 95% CI

Year 1. 2. 3. Estimate SE Lower Upper

1992 4.9% 94.6% 0.5%

49,842 962,262 5,086 1,017,190 177,609 660,252 1,374,129

1997 37.1% 61.8% 1.1%

187,506 311,664 5,607 504,777 18,260 468,988 540,566

1998 65.2% 34.1% 0.7%

318,438 166,449 3,290 488,180 24,042 441,041 535,318

1999 81.0% 17.3% 1.7%

409,345 87,392 8,477 505,214 20,711 464,620 545,807

2000 68.9% 30.9% 0.2%

319,832 175,978 815 496,625 22,925 451,691 541,559

2001 37.1% 56.5% 6.4%

120,514 183,437 20,891 324,842 22,963 279,835 369,851

                        1992 and 1997-2001.
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Appendix I.18. Upper and Lower Malina Lakes sockeye salmon emigration timing and estimatesa by age class, 1992
and 1997-2001.

a  Estimates based on seasonal mean age compositions.

Statistical Statistical
Year Period Week 1 2 3 Year Period Week 1 2 3
1992 20 5/10-5/16 37 2,603 0 2,640 1999 20 & 21 5/10-5/16 120,647 5,623 2,556 128,826

21 5/17-5/23 2,157 70,724 1,487 74,368 22 5/24-5/30 170,130 29,194 2,013 201,337
22 5/24-5/30 42,084 537,159 5,261 584,504 23 5/31-6/06 90,371 24,217 2,953 117,541
23 5/31-6/06 8,610 187,062 0 195,672 24 6/07-6/13 18,872 19,658 786 39,316
24 6/07-6/13 5,657 98,900 314 104,767 25 6/14-6/20 6,866 6,363 167 13,396
25 6/14-6/20 2,769 45,806 0 48,575 26 6/21-6/27 2,459 2,337 0 4,796
26 6/21-6/27 0 6,482 0 6,482 409,345 87,392 8,475 505,212

61,314 948,737 7,062 1,017,113

1997 20 & 21 5/10-5/16 19,579 21,245 208 27,662 2000 20 5/10-5/16 16,083 7,257 196 23,536
22 5/24-5/30 7,085 8,097 156 179,306 21 5/17-5/23 90,336 32,174 619 123,129
23 5/31-6/06 98,533 254,160 4,604 175,412 22 5/24-5/30 122,590 81,727 0 204,317
24 6/07-6/13 19,432 12,045 482 34,837 23 5/31-6/06 57,941 43,202 0 101,143
25 6/14-6/20 42,877 16,118 156 40,993 24 6/07-6/13 24,327 9,936 0 34,263

187,506 311,665 5,606 504,777 25 6/14-6/20 8,556 1,682 0 10,238
319,833 175,978 815 496,626

1998 20 & 21 5/10-5/16 4,108 8,415 279 12,802 2001 19 5/03-5/09 1,108 2,630 415 4,153
22 5/24-5/30 99,187 65,277 848 165,312 20 5/10-5/16 1,712 18,407 10,274 30,393
23 5/31-6/06 154,722 36,977 973 192,672 21 5/17-5/23 33,389 140,976 10,202 184,567
24 6/07-6/13 25,846 3,735 149 29,730 22 5/24-5/30 67,854 20,844 0 88,698
25 6/14-6/20 17,406 11,554 600 29,560 23 5/31-6/06 14,375 521 0 14,896
26 6/21-6/27 11,093 25,438 191 36,722 24 6/07-6/13 2,077 58 0 2,135
27 6/28-7/04 5,292 14,112 252 19,656 120,515 183,436 20,891 324,842
28 7/05-7/11 783 939 0 1,722

318,437 166,447 3,292 488,176

Ages Population 
Estimate

Ages Population 
Estimate
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Appendix I.19.  Upper and Lower Malina Lakes sockeye salmon smolt age and size composition by year, 1991-2001.

a  In 1994, one age-0 smolt captured was 79.0 mm, 3.4 g, and a condition of 0.7.

Length Weight Condition Length Weight Condition Length Weight Condition
Year Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

1991 May 24-June 6 74 74.5 2.9 0.70 90 77.4 3.2 0.69 1 72.0 2.7 0.72

1992 May 10-June 27 84 71.5 2.3 0.64 1,614 73.0 2.6 0.66 8 77.8 3.6 0.75

1993 May 24-June 6 24 76.1 3.4 0.76 876 78.5 3.7 0.76 79 82.0 4.2 0.76

1994 May 17-June 6 a 33 75.8 3.0 0.69 350 78.0 3.3 0.69 8 84.5 4.5 0.71

1995 May 31-June 27 639 70.5 2.5 0.70 45 89.8 6.5 0.78 0

1996 May 3-June 20 249 99.0 7.3 0.73 965 79.9 4.0 0.75 4 83.3 4.2 0.72

1997 May 10-July 4 687 81.1 3.8 0.70 660 85.5 4.6 0.71 12 85.3 4.7 0.73

1998 May 3-July 18 818 92.8 6.3 0.75 733 77.5 3.7 0.78 17 89.4 6.0 0.81

1999 May 24-July 4 756 83.4 4.2 0.71 276 76.6 3.3 0.72 18 90.8 6.6 0.79

2000 May 10-June 20 721 81.3 4.0 0.72 335 79.1 3.7 0.73 2 97.0 6.9 0.73

2001 May 12-June 25 551 73.9 3.2 0.77 391 91.1 6.0 0.77 74 105.6 10.3 0.83

Age-1 Age-2 Age-3
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Appendix I.20. Estimated age composition of Upper and Lower Malina Lakes sockeye
salmon escapement, 1990 and 1992-2001.

Ages
Year 1.1 1.2 1.3 2.1 2.2 2.3 2.4 3.1 3.2 3.3 Total

1990 Number 0 109 0 12 381 1 1 0 4 0 508
Percent 0.0 21.5 0.0 2.4 75.0 0.2 0.2 0.0 0.8 0.0 100

1992 Number 67 247 517 547 3,812 1,468 7.5 232 644 67 7,610
Percent 0.9 3.2 6.8 7.2 50.1 19.3 0.1 3.1 8.5 0.9 749

1993 Number 206 321 183 2,022 2,450 2,503 0 84 374 130 8,273
Percent 2.5 3.9 2.2 24.4 29.6 30.3 0.0 1.0 4.5 1.6 100

1994 Number 388 765 607 1,893 4,005 1,299 0 24 49 12 9,042
Percent 4.3 8.5 6.7 20.9 44.3 14.4 0.0 0.3 0.5 0.1 100

1995 Number 48 167 502 1,028 4,756 4,206 0 24 72 0 10,803
Percent 0.4 1.5 4.6 9.5 44.0 38.9 0.0 0.2 0.7 0.0 100

1996 Number 44 192 209 113 3,127 4,163 0 26 122 35 8,030
Percent 0.5 2.4 2.6 1.4 38.9 51.8 0.0 0.3 1.5 0.4 100

1997 Number 2,837 832 879 558 946 3,262 0 47 85 9 9,455
Percent 30.0 8.8 9.3 5.9 10.0 34.5 0.0 0.5 0.9 0.1 100

1998 Number 5,757 2,553 275 350 3,204 2,428 25 100 150 75 14,917
Percent 38.6 17.1 1.8 2.3 21.5 16.3 0.2 0.7 1.0 0.5 100

1999 Number 2,197 19,537 1,183 135 2,265 3,245 0 68 372 169 29,171
Percent 7.5 67.0 4.1 0.5 7.8 11.1 0.0 0.2 1.3 0.6 100

2000a Number 714 6,554 11,049 147 1,113 1,092 0 42 231 63 21,006
Percent 3.4 31.2 52.6 0.7 5.3 5.2 0.0 0.2 1.1 0.3 100

2001 Number 3,059 3,374 9,603 1,799 742 3,756 0 45 45 67 22,490
Percent 13.6 15.0 42.7 8.0 3.3 16.7 0.0 0.2 0.2 0.3 100
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Appendix J.1. Morphometric map showing the limnology and zooplankton stations on Pauls
Lake.
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Appendix J.2. Morphometric map showing the limnology and zooplankton stations on Laura Lake.
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Appendix J.3. Morphometric map of Gretchen Lake.
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Appendix J.4. Juvenile sockeye salmon releases into Laura Lake, 1994-2001.

a Fry are released from April to July at up to 200% of emergent size (normally 0.15 to
0.5 g depending on the stock). Fingerling are released from June to September at a size
of >200% to <2100% of emergent size (normally 0.3 to 5.25 g depending on the stock).
Pre-smolt are released from August to November at a size of >2100% of emergent size
but not yet at the physiological stage of smolting (normally 5 to 13 g ).

Release Species Life Stagea Total
Year Broodstock Stocked fry fingerling presmolt Stocked
1992 0
1993 0
1994 Laura Sockeye 117,000 117,000
1995 Laura Sockeye 16,000 16,000
1996 Laura Sockeye 52,000 130,000 182,000
1997 0
1998 0
1999 Laura Sockeye 28,000 144,000 172,000
2000 0
2001 0
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Appendix J.5. The amount of nutrient enrichment additions and ratios
into Laura Lake, 1993-2000.

a  Nitrogen-Phosphorus-Potassium

Year Fertilizer Ratioa Amount (kg)
1993 20-5-0 20,000
1994 20-5-0 18,144
1994 32-0-0 3,629
1995 20-5-0 18,144
1995 32-0-0 3,629
1996 20-5-0 17,272
1996 32-0-0 3,048
1997 20-5-0 8,128
1998 20-5-0 8,000
1999 20-5-1 9,770
2000 20-5-0 9,276
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Appendix J.6. Laura Creek (a) and Gretchen Creek (b) fish passes.

a.

b.
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Appendix J.7. Limnological sampling stations and total samples
collected for Laura and Pauls Lakes, 1990-2001.

Sampling Total
Lake Year Stations Samples
Laura 1990 1 3

1991 1 5
1992 1 4
1993 1 7
1994 1,2 7
1995 1,2 7
1996 1,2 6
1997 1,2 6
1998 1 4
1999 1 4
2000 1 4
2001 1 4

Pauls 1994 1,2 4
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Appendix J.8. Summary of seasonal mean water chemistry parameters by station and depth for Laura and Pauls Lakes,
1990-2001.

SD - standard deviation
na - not analyzed

Sta Depth

Lake Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
Laura 1990 1 1 72.0 1.7 7.0 0.2 11.0 1.0 0.7 0.3 14.3 2.3 4.4 2.4 1.0 0.8 56.7 22.3

1 29 74.7 1.2 6.8 0.2 11.5 0.9 0.4 0.2 15.3 2.5 4.8 1.4 1.3 1.1 62.7 24.1
1991 1 1 68.8 1.6 7.0 0.0 11.5 2.2 0.9 0.4 17.6 3.5 3.8 0.1 1.1 0.6 77.4 37.7

1 32 70.4 1.1 6.8 0.1 11.0 1.7 0.6 0.2 20.8 7.6 4.1 0.4 1.4 0.3 69.0 24.8
1992 1 1 60.8 1.0 6.8 0.2 8.8 2.1 0.5 0.2 15.0 2.9 4.1 0.5 1.3 0.5 56.3 16.0

1 35 63.8 1.0 6.4 0.2 10.1 0.6 0.7 0.3 13.8 1.3 3.8 0.6 1.4 0.5 58.3 25.6
1993 1 1 65.9 1.5 6.8 0.1 11.1 1.5 1.2 1.6 13.1 1.8 4.2 0.5 1.7 0.4 53.1 36.2

1 34 67.9 5.4 6.8 0.7 12.9 3.6 0.6 0.3 15.1 2.3 4.6 1.4 1.7 0.4 85.4 68.8
1994 1 1 66.0 1.7 6.5 0.2 10.3 2.1 0.9 0.5 13.6 3.5 4.1 0.4 1.1 0.3 57.6 23.9

1 2 na na na na na na na na na na na na na na na na
1 36 70.0 5.4 6.4 0.3 10.5 1.7 0.9 0.2 14.1 1.6 4.2 0.8 1.9 0.5 75.3 24.9

1995 1 1 67.3 3.8 6.4 0.2 9.1 0.5 1.5 0.5 20.6 9.4 3.6 0.4 1.3 0.0 73.0 31.6
1 2 na na na na na na na na na na na na na na na na
1 36 71.0 1.3 6.2 0.1 8.9 0.6 0.8 0.2 16.0 2.8 3.7 0.2 1.3 0.0 70.4 31.1

1996 1 1 69.5 1.0 6.6 0.2 10.5 0.5 0.8 0.4 17.2 3.7 3.6 0.1 1.2 0.1 60.2 36.0
1 2 na na na na na na na na na na na na na na na na
1 33 70.8 1.9 6.3 0.1 9.9 0.5 0.8 0.5 18.2 1.2 3.6 0.1 1.2 0.1 81.8 34.1

1997 1 1 70.5 1.0 7.0 0.2 12.2 1.2 0.8 0.2 14.0 2.5 3.5 0.2 1.3 0.1 37.5 22.9
1 2 na na na na na na na na na na na na na na na na
1 34 71.0 0.9 6.6 0.1 11.8 0.7 0.7 0.1 16.0 1.5 3.7 0.5 1.2 0.1 54.0 17.2

1998 1 1 63.7 0.6 7.1 0.2 12.7 2.0 1.0 0.6 15.3 2.5 3.5 0.2 1.2 0.2 20.3 4.0
1999 1 1 72.0 1.2 6.6 0.3 11.6 1.9 1.4 0.5 14.3 2.9 4.0 0.2 1.7 0.2 78.8 30.3
2000 1 1 na na 7.3 0.2 8.4 1.7 na na na na na na na na na na
2001 1 1 na na 7.5 0.4 9.6 1.5 na na na na na na na na na na

Pauls 1994 1 1 1,453.5 1,892.3 7.1 0.3 16.3 5.2 0.7 0.2 10.5 3.1 15.6 15.8 29.1 40.6 31.8 14.5
1 12 31,575.0 2,642.4 7.5 0.6 215.3 91.9 2.1 1.0 35.3 22.4 322.0 50.2 767.0 27.4 103.5 63.8

Color Calcium Magnesium IronSp. Cond. pH Alkalinity    Turbidity
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Appendix J.9. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Laura and
Pauls Lakes, 1990-2001.

SD - standard deviation
na - not analyzed

Sta Depth

Lake Year tion (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
Laura 1990 1 1 3.9 0.9 2.4 0.2 1.6 0.3 125.1 10.2 4.6 0.8 6.0 7.4 1836.0 112.3 251.3 45.0 0.80 0.4 0.37 0.07

1 29 2.3 0.4 2.9 1.9 2.1 0.9 101.4 6.8 11.5 4.0 30.2 5.4 1983.3 132.1 137.0 44.2 0.27 0.0 0.20 0.03
1991 1 1 4.1 0.6 2.8 1.3 1.9 0.8 82.6 23.8 10.0 3.3 10.2 12.4 1696.2 136.7 NA NA 0.79 0.2 0.32 0.06

1 32 4.0 0.6 3.5 2.0 2.6 2.3 82.9 24.9 15.6 6.8 27.6 6.1 1824.6 57.3 NA NA 0.35 0.4 0.17 0.10
1992 1 1 6.0 3.2 3.7 1.6 3.4 1.2 100.3 11.0 5.4 2.5 10.0 3.3 1707.0 198.4 186.5 45.8 0.58 0.4 0.36 0.11

1 35 6.1 2.6 2.2 0.4 1.9 0.3 91.9 19.0 9.0 2.7 30.8 8.1 1954.8 9.6 99.3 33.4 0.48 0.3 0.34 0.12
1993 1 1 12.1 3.9 3.9 1.0 1.8 0.4 189.0 37.2 6.6 3.6 8.2 0.0 984.8 512.1 242.1 64.0 2.65 0.8 0.83 0.41

1 34 8.3 4.1 4.8 4.2 3.1 2.8 139.2 23.4 14.9 8.6 26.2 11.5 1861.0 221.1 125.3 86.2 0.72 0.9 0.37 0.20
1994 1 1 10.0 4.2 2.8 0.9 1.5 0.2 184.0 47.6 9.4 8.9 31.7 40.5 953.6 550.1 166.3 81.1 2.59 1.6 0.54 0.35

1 2 na na na na na na na na na na na na na na na na 2.67 1.6 0.60 0.28
1 36 4.5 0.8 2.3 0.6 1.5 0.4 151.9 37.2 42.2 34.9 29.1 28.5 1784.3 87.8 90.7 25.6 0.39 0.1 0.25 0.03

1995 1 1 8.9 4.1 4.3 3.9 3.3 3.9 176.0 46.6 10.1 4.5 25.1 18.6 1417.9 367.7 na na 3.90 3.0 1.00 0.72
1 2 na na na na na na na na na na na na na na na na 4.11 3.5 1.18 0.83
1 36 6.1 2.0 2.4 1.1 1.5 0.7 138.2 41.5 26.0 17.6 55.5 15.4 1870.4 107.5 na na 0.54 0.5 0.33 0.04

1996 1 1 11.9 4.1 5.2 3.1 3.2 1.8 192.5 71.9 9.9 7.1 17.0 12.0 1435.2 270.5 261.8 101.2 5.31 3.9 0.98 0.42
1 2 na na na na na na na na na na na na na na na na 4.88 4.4 0.88 0.65
1 33 6.7 2.3 3.9 2.1 2.7 1.7 125.6 23.7 18.6 15.5 57.7 16.2 1836.6 27.2 73.8 24.1 1.77 1.7 0.55 0.28

1997 1 1 7.8 1.8 3.5 1.9 2.1 1.4 169.1 40.4 6.7 4.4 9.7 17.2 1059.0 615.4 229.7 53.7 1.76 1.2 1.00 0.46
1 2 na na na na na na na na na na na na na na na na 1.72 0.9 1.17 0.73
1 34 6.1 1.3 3.1 0.7 1.9 0.6 124.1 12.9 13.8 9.9 53.7 10.0 1911.2 264.8 89.8 31.3 0.36 0.1 0.43 0.06

1998 1 1 11.5 4.2 3.7 2.3 0.9 0.5 174.6 17.9 4.1 2.5 11.0 5.1 1127.7 296.1 188.7 91.5 1.38 0.4 3.06 2.97
1999 1 1 10.2 3.4 3.5 0.5 1.6 0.3 187.6 32.0 6.7 2.7 11.9 17.4 1304.5 358.5 293.5 139.6 2.55 1.5 0.43 0.28
2000 1 1 5.7 2.6 3.4 2.9 2.8 2.2 40.4 27.7 13.2 10.7 33.7 52.0 na na na na 2.56 1.8 1.03 1.08
2001 1 1 10.9 1.1 5.8 2.6 4.4 3.7 29.1 4.2 3.8 3.8 3.8 na na na na 5.83 4.90 0.94 0.61

Pauls 1994 1 1 355.2 691 2.675 1.4 1.775 0.5 1,758 3,015 15.05 17.29 19.4 na 1,232 499 264.8 112.3 1.828 1.11 0.483 0.53
1 2 na na na na na na na na na na na na na na na na 2.26 0.71 0.453 0.23
1 12 677 707 876.3 581 991.5 660 3,017 3,189 4,292 2,864 2.4 2.54 8,347 4,197 964.8 192.1 4.81 na 25.71 16.64

dahl nitrogen
Total Kjel-

AmmoniaTotal-P  able-P
  Total filter-

reactive-P
Filterable

 nitrite
Nitrate+

silicon
Reactive 

phytin a
Phaeo-

carbon
Organic

phyll a
Chloro-
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Appendix J.10. Weighted mean zooplankton density, biomass, and size by genera from Laura Lake, 1990-2001.

a Data from 1994 - 1997 was averaged from two stations, and the remaining years, only samples from station 1 were
obtained.

No. of Cyclops Bosmina Daphnia Holopedium TOTALS

Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year a Days no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1990 3 12,900 27 0.78 27,816 23 0.30 10,218 11 0.50 2,553 6 0.51 53,487 67
1991 5 47,054 22 0.89 47,054 39 0.31 14,293 19 0.56 2,532 5 0.50 110,933 85
1992 4 4,624 13 0.91 33,852 33 0.33 8,920 12 0.56 1,778 3 0.47 49,174 61
1993 7 7,037 16 0.80 49,924 49 0.33 70,951 101 0.58 4,838 11 0.52 132,750 177
1994 7 7,804 25 0.93 31,628 29 0.31 12,323 16 0.56 309 0.7 0.43 52,064 70
1995 7 23,358 73 0.93 65,347 58 0.31 50,174 63 0.55 133 0.4 0.49 139,012 194
1996 6 24,058 62 0.80 53,494 43 0.30 79,937 85 0.51 2,813 5.6 0.49 160,302 196
1997 6 25,035 84 0.95 95,101 83 0.31 41,712 57 0.57 1,083 1.9 0.47 162,931 226
1998 4 5,531 14 0.83 38,687 36 0.31 43,904 53 0.49 5,387 5 0.43 93,509 108
1999 4 10,064 24 0.83 20,685 21 0.34 82,551 86 0.50 6,643 11 0.45 119,942 143
2000 4 27,734 81 0.90 39,636 48 0.36 102,481 115 0.52 11,040 30 0.55 180,891 274
2001 5 17,503 59 1.03 46,749 41 0.32 29,717 37 0.59 3,377 5 0.46 97,346 142
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Appendix J.11. Weighted mean zooplankton biomass by genera and lake enrichment time period for Laura Lake, 1990-2001.
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Appendix J.12. Juvenile sockeye salmon estimates based on fall townet catch species composition and hydroacoustic
fish population estimates for Laura Lake, 1991-1997.

               Total Fish Estimates                   Sockeye Estimates Sockeye
             95%  C. I.              95%  C. I. Composition

Date Number Low High Number Low High (%)

27-Aug-91 1,111,608 734,342 1,488,874 170,076 112,354 227,798 15.3

2-Oct-92 1,837,604 1,310,334 2,364,874 183,760 131,033 236,487 10.0

16-Sep-93 897,732 862,637 932,827 104,137 100,066 108,208 11.6

3-Oct-94 1,089,645 870,045 1,309,245 64,289 51,333 77,245 5.9

30-Aug-95 2,729,625 1,969,959 3,489,291 414,903 299,434 530,372 15.2

16-Sep-96 1,932,933 1,604,064 2,261,802 71,519 59,351 83,687 3.7

17-Sep-97 4,218,356 3,783,430 4,653,282 21,092 18,917 23,267 0.5
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Appendix J.13. Townet catches from Laura Lake, 1991-1997.

a  CPUE - Catch per unit of effort

        Catch by Species
          Tow Sockeye Stickleback

Date Number Minutes Number % CPUE a Number % CPUE a

28-Aug-91 5 58 83 15.3 1.4 459 84.7 7.9

03-Oct-92 6 69 78 10.0 1.1 702 90.0 10.2

17-Sep-93 5 68 106 11.6 1.6 811 88.4 11.9

04-Oct-94 7 86 29 5.9 0.3 461 94.1 5.4

31-Aug-95 6 46 78 15.2 1.7 435 84.8 9.5

17-Sep-96 6 60 47 3.7 0.8 1,236 96.3 20.6

17-Sep-97 6 43 1 0.5 0.0 208 99.5 4.8
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Appendix J.14. Mean length, weight, and condition coefficient by age for juvenile sockeye salmon captured
by townet at Laura Lake, 1991-1997.

         Age-0               Age-1               Age-2
Length Weight Condition Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

28-Aug-91 39 52.8 1.6 1.07 18 63.7 2.8 1.05 0

3-Oct-92 56 53.3 1.8 1.14 12 66.6 3.2 1.07 1 71.1 3.9 1.09

17-Sep-93 69 53.2 1.9 1.24 2 65.5 3.5 1.26 0

4-Oct-94 19 51.2 1.7 1.20 1 63.0 3.1 1.24 1 74.0 5.1 1.26

31-Aug-95 63 55.9 1.9 1.04 17 67.7 3.4 1.08 0

17-Sep-96 6 50.7 1.5 1.16 40 59.9 2.6 1.21 1 76.0 4.2 0.96

17-Sep-97 0 1 46.0 0.9 0.92 0
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Appendix J.15. Mean length, weight, and condition coefficient by age for sockeye salmon smolt
outmigrating from Laura Lake, 1953-1957 and 1992-2001.

a 1953-1957, date of capture and length-weight-condition information are unknown; data presented are total
smolt trapped.

nd - no data available

Age-1 Age-2 Age-3
Length Weight Condition Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

1953a 1,238 133 nd nd nd nd nd nd nd nd nd nd

1954a 8,702 nd nd nd 1,842 nd nd nd nd nd nd nd

1955a 936 nd nd nd 1,853 nd nd nd 184 nd nd nd

1956a nd nd nd nd nd nd nd nd nd nd nd nd

1957a 226 nd nd nd 66 nd nd nd 32 nd nd nd

June 10-12, 1992 189 69.9 2.6 0.75 64 76.3 3.3 0.75 0

June 14-15, 1993 124 72.5 3.1 0.80 16 78.0 3.8 0.79 0

Jun 7-13, 1994 221 70.8 2.8 0.80 19 80.8 4.0 0.75 0

May 31-June 13, 1995 114 67.4 2.4 0.79 20 74.7 3.0 0.72 0

Jun 13-18, 1996 132 76.9 3.6 0.79 63 83.1 5.0 0.84 1 85.0 5 0.82

May 31-June 13, 1997 54 82.5 4 0.69 144 77.0 3.3 0.72 0

May 31-June 20, 1998 10 85.6 5.6 0.84 239 79.4 4.3 0.86 0

June 14-20, 1999 215 68.3 2.5 0.79 21 74.6 3.2 0.77 0

May 31-June 27, 2000 148 85.1 4.9 0.78 54 85.2 4.9 0.79 3 84.7 5.0 0.82

May 31-June 20, 2001 36 87.7 5.5 0.81 155 91.0 6.1 0.81 7 109.0 10.0 0.77
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Appendix J.16. Estimated age composition of Pauls Bay sockeye salmon escapements, 1955-1957, 1990-
1991, and 1993-2001.

Sample Ages
Year Size 1.1 1.2 2.1 1.3 2.2 1.4 2.3 2.4 3.2 3.3 Totals
1955 58 Number 7 42 8 0 0 0 1 0 0 0 58

Percent 12.1 72.4 13.8 0.0 0.0 0.0 1.7 0.0 0.0 0.0 100

1956 87 Number 2 68 1 4 12 0 0 0 0 0 87
Percent 2.3 78.2 1.1 4.6 13.8 0.0 0.0 0.0 0.0 0.0 100

1957 230 Number 64 71 5 64 19 0 7 0 0 0 230
Percent 27.8 30.9 2.2 27.8 8.3 0.0 3.0 0.0 0.0 0.0 100

1990 423 Number 69 3,431 34 4,700 1,543 137 4,494 69 0 34 14,510
Percent 0.5 23.6 0.2 32.4 10.6 0.9 31.0 0.5 0.0 0.2 100

1991 457 Number 262 234 85 1,062 460 14 1,105 14 0 0 3,237
Percent 8.1 7.2 2.6 32.8 14.2 0.4 34.1 0.4 0.0 0.0 100

1993 406 Number 31 3,065 306 3,892 3,739 61 1,195 0 0 31 12,442
Percent 0.2 24.6 2.5 31.3 30.0 0.5 9.6 0.0 0.0 0.2 100

1994 546 Number 324 2,708 59 8,889 1,825 59 2,178 29 29 0 16,100
Percent 2.0 16.8 0.4 55.2 11.3 0.4 13.5 0.2 0.2 0.0 100

1995 460 Number 3,073 907 673 1,639 1,522 0 5,648 0 0 0 13,461
Percent 22.8 6.7 5.0 12.2 11.3 0.0 42.0 0.0 0.0 0.0 100

1996 469 Number 351 22,625 351 1,315 11,663 0 4,823 0 0 0 41,128
Percent 0.9 55.0 0.9 3.2 28.4 0.0 11.7 0.0 0.0 0.0 100

1997 418 Number 151 5,569 6,622 8,880 4,139 0 6,096 0 0 0 31,456
Percent 0.5 17.7 21.1 28.2 13.2 0.0 19.4 0.0 0.0 0.0 100

1998 535 Number 2,323 287 3,642 574 6,825 0 1,663 0 29 0 15,343
Percent 15.1 1.9 23.7 3.7 44.5 0.0 10.8 0.0 0.2 0.0 100

1999 449 Number 3,341 16,381 1,927 4,047 1,542 0 1,606 0 0 0 28,844
Percent 11.6 56.8 6.7 14.0 5.3 0.0 5.6 0.0 0.0 0.0 100

2000 447 Number 1,021 8,312 152 8,531 4,251 0 4,408 0 0 0 26,675
Percent 3.8 31.2 0.6 32.0 15.9 0.0 16.5 0.0 0.0 0.0 100

2001 441 Number 1,185 5,784 650 6,179 906 0 8,502 0 0 23 23,230
Percent 5.1 24.9 2.8 26.6 3.9 0.0 36.6 0.0 0.0 0.1 100
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Appendix K.2. The amount of nutrient enrichment additions
and ratios into Portage Lake, 1993-1997.

a Nitrogen-Phosphorus-Potassium

Fertilizer Amount

Year ratioa (kg)
1993 20-5-0 18,181
1994 20-5-0 15,422
1995 20-5-0 13,608
1996 20-5-0 15,240
1996 32-0-0 2,032
1997 20-5-0 12,192
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Appendix K.3. Portage Creek fish pass, looking upstream (a)
and downstream (b).

a.

b.
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Appendix K.4. Limnological sampling stations and total samples
collected for Portage Lake, 1990-2000.

Sampling Total
Year Stations Samples
1990 1 4
1991 1 4
1992 1 4
1993 1 7
1994 1,2 7
1995 1,2 7
1996 1,2 6
1997 1,2 6
1998 1 4
1999 1 4
2000 1 4
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Appendix K.5. Summary of seasonal mean water chemistry parameters by station and depth for Portage Lake, 1990-1998.

SD - standard deviation

Sta Depth Sp. Conductivity pH Alkalinity    Turbidity Color Calcium Magnesium Iron

Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 1 1 52.0 2.9 7.0 0.2 11.5 1.0 0.8 0.3 20.8 5.6 3.9 0.5 0.9 0.2 219.0 77.1

1 16 53.5 2.4 6.9 0.1 11.5 1.0 0.7 0.5 20.3 5.9 4.3 0.5 0.9 0.2 189.3 57.6
1991 1 1 47.8 2.1 6.9 0.1 11.0 2.2 0.9 0.3 19.5 3.7 4.3 1.2 1.1 0.4 148.0 45.3

1 14 47.3 1.5 6.7 0.3 10.3 2.5 1.0 0.4 22.5 3.0 3.9 0.8 1.0 0.3 160.8 52.3
1992 1 1 49.5 1.3 6.7 0.2 12.8 2.3 1.0 0.5 18.0 2.9 4.8 0.8 1.8 1.6 206.5 87.5

1 15 48.5 1.7 6.6 0.3 11.5 1.6 0.7 0.3 26.3 10.9 4.3 0.5 1.2 1.1 171.0 40.0
1993 1 1 52.9 1.2 6.8 0.2 11.4 1.0 1.7 1.2 23.4 9.4 4.6 0.4 1.0 0.3 147.4 51.5

1 16 51.7 1.5 6.5 0.2 10.4 0.8 1.0 0.4 21.7 8.3 4.4 0.5 0.9 0.3 142.3 49.4
1994 1 1 47.3 1.9 6.6 0.2 9.9 0.9 1.5 0.6 22.4 3.0 3.9 0.1 1.0 0.3 172.7 68.3

1 16 49.5 3.1 6.3 0.3 9.6 0.9 1.6 1.0 22.1 2.8 4.0 0.1 0.9 0.3 189.9 83.2
1995 1 1 50.9 3.2 6.5 0.1 10.3 1.2 1.4 0.4 20.3 7.3 3.6 0.3 0.9 0.4 198.7 85.6

1 15 50.7 3.6 6.3 0.2 9.1 1.1 1.4 1.0 19.6 8.9 3.5 0.5 0.9 0.4 181.0 108.0
1996 1 1 56.0 2.5 6.7 0.1 11.9 1.4 1.2 0.6 16.2 4.7 3.8 0.7 1.0 0.4 122.7 65.2

1 18 54.3 2.6 6.4 0.4 10.9 1.9 1.3 0.6 19.8 6.2 3.6 0.1 1.0 0.4 138.7 73.8
1997 1 1 53.7 1.0 7.0 0.2 12.4 1.3 1.0 0.4 17.0 8.7 4.0 0.6 0.8 0.3 80.5 37.1

1 15 53.0 1.9 6.7 0.2 11.7 1.2 1.1 0.5 17.8 4.4 3.8 0.4 0.9 0.3 89.8 36.3
1998 1 1 53.3 0.5 6.8 0.2 12.1 0.4 1.1 0.1 17.4 0.6 3.9 0.1 0.8 0.1 85.2 6.6
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Appendix K.6. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Portage Lake, 1990-
1998.

SD - standard deviation
na - parameters were not analyzed.

  Total filter- Filterable Total Kjel- Nitrate+ Reactive Organic Chloro- Phaeo-
Sta Depth Total-P  able-P reactive-P dahl nitrogen Ammonia  nitrite silicon carbon phyll a phytin a

Year tion (m) (ug L-1) SD (ug L- 1) SD (ug L- 1) SD (ug L- 1) SD (ug L- 1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L- 1) SD (ug L-1) SD
1990 1 1 6.1 2.7 3.0 1.0 1.8 0.4 112.4 44.7 3.8 5.4 20.9 23.7 2160.5 343.3 202.0 81.1 0.50 0.1 0.50 0.4

1 16 6.1 2.4 2.3 0.3 2.0 0.2 113.6 45.2 7.1 5.6 45.2 21.0 2262.8 353.0 166.3 86.0 0.16 0.1 0.25 0.1
1991 1 1 7.1 2.0 3.3 0.6 2.8 0.5 na na 5.5 2.5 35.2 19.4 1888.0 142.7 na na 0.55 0.2 0.33 0.2

1 14 7.0 1.4 3.6 0.4 2.8 0.5 na na 7.3 2.9 43.8 15.3 1924.8 96.2 na na 0.29 0.3 0.26 0.1
1992 1 1 5.2 1.1 5.5 3.2 4.1 2.6 143.6 15.0 2.2 1.1 35.4 39.8 2015.5 213.5 255.8 63.2 0.58 0.5 0.35 0.2

1 15 6.0 0.9 6.7 4.0 6.2 5.4 100.0 66.8 3.9 4.5 75.0 13.0 2163.3 158.6 186.8 25.9 0.32 0.3 0.31 0.1
1993 1 1 17.6 11.2 10.1 14.7 6.1 9.3 250.3 76.7 5.8 5.8 19.7 12.5 1852.1 337.1 343.4 144.1 6.35 6.2 0.72 0.4

1 16 7.1 2.4 6.6 5.9 4.2 3.4 159.3 51.1 9.9 5.8 46.0 13.2 2198.6 92.4 123.3 105.9 0.62 0.5 0.49 0.2
1994 1 1 10.5 5.0 3.4 1.0 2.1 0.5 176.8 68.7 6.9 3.6 18.0 8.7 1695.3 519.9 276.1 208.0 1.90 1.3 0.59 0.3

1 2 na na na na na na na na na na na na na na na na 1.41 1.0 0.55 0.3
1 16 5.9 1.3 2.7 0.4 2.2 0.5 164.8 39.2 20.7 22.6 30.6 8.0 2143.6 154.1 116.9 50.7 0.24 0.2 0.34 0.2

1995 1 1 7.7 1.9 3.6 0.7 1.7 0.7 184.3 43.0 12.3 4.6 23.3 10.4 2022.4 501.6 na na 2.05 1.5 0.85 0.5
1 2 na na na na na na na na na na na na na na na na 2.06 1.6 0.82 0.5
1 15 6.3 1.6 3.0 1.0 1.8 0.9 169.9 33.5 24.4 20.2 37.3 10.6 2295.6 360.2 na na 0.52 0.3 0.38 0.1

1996 1 1 6.8 1.6 4.6 2.4 3.6 1.9 150.9 56.5 8.0 8.0 64.6 90.3 1810.8 303.7 145.3 71.0 1.81 1.3 0.67 0.4
1 2 na na na na na na na na na na na na na na na na 1.68 1.1 0.68 0.4
1 18 6.1 2.5 5.1 5.5 5.0 5.4 110.9 29.2 17.5 9.8 52.5 8.6 2190.0 110.4 51.3 29.1 0.39 0.2 0.30 0.1

1997 1 1 9.3 4.9 4.1 2.0 2.9 2.2 185.0 54.7 15.7 13.1 14.1 10.2 2007.3 619.8 276.3 213.3 1.94 1.8 1.27 0.9
1 2 na na na na na na na na na na na na na na na na 1.92 1.7 1.37 1.0
1 15 5.2 2.0 2.9 0.6 1.9 0.4 148.5 53.4 29.8 19.6 30.9 6.4 2121.7 274.9 98.2 35.3 0.44 0.1 0.61 0.2

1998 1 1 7.3 2.9 3.5 0.9 2.4 0.7 166.7 25.8 22.7 10.0 22.5 11.9 2064.5 80.8 187.3 126.0 1.43 0.9 1.08 0.4
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Appendix K.7.  Weighted mean zooplankton density, biomass, and size by genera for Portage Lake, 1990-2000.

Data collection began at station 2 in 1994. Average of stations 1 and 2 was used for years 1994 to 1997.

No. of Epischura Cyclops Bosmina Daphnia Holopedium TOTALS

Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1990 4 3,463 6 0.76 1,573 3.0 0.70 15,347 13 0.31 2,456 3 0.56 1,473 3.0 0.48 24,312 28

1991 4 2,305 4 0.73 1,007 1.0 0.65 19,308 16 0.31 2,308 3 0.53 1,372 3.0 0.53 26,300 27

1992 4 1,513 4 0.81 1,770 2.0 0.60 20,993 17 0.30 3,702 4 0.53 2,672 5.0 0.46 30,650 32

1993 7 5,909 22 0.93 2,397 3.0 0.64 93,807 76 0.30 42,815 54 0.55 3,146 7.0 0.52 148,074 162

1994 7 4,597 12 0.83 1,336 1.6 0.60 43,916 30 0.28 19,801 21 0.50 241 0.4 0.46 69,891 64

1995 7 5,335 19 0.92 1,249 1.9 0.67 61,231 49 0.30 18,778 26 0.60 1,154 2.0 0.46 87,745 97

1996 6 16,885 77 0.99 1,725 2.9 0.69 86,303 66 0.29 20,176 26 0.55 11 0 0.38 125,100 171

1997 6 8,894 31 0.91 1,622 3.7 0.82 47,403 35 0.29 21,645 23 0.51 521 0.8 0.43 80,085 94

1998 4 4,331 9 0.77 1,051 1 0.64 10,065 9 0.30 7,509 8 0.52 558 0.5 0.35 23,514 28

1999 4 0 0 0.00 22,983 11 0.28 17,166 19 0.51 0 0 0.00 0 0 0.00 40,148 30

2000 4 2,229 7 0.91 931 2 0.84 15,934 13 0.30 5,867 7 0.54 422 0 0.50 29,836 29
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Appendix K.8. Weighted mean zooplankton biomass by genera and lake enrichment time period for Portage Lake,
1990-2000.
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Appendix K.9. Juvenile sockeye salmon estimates based on fall townet catch species composition and hydroacoustic
fish population estimates for Portage Lake, 1994-1997.

a  The hydroacoustic survey was not conducted, however, a townet survey was completed.

               Total Fish Estimates                   Sockeye Estimates Sockeye
95%  Confidence Interval 95%  Confidence Interval Composition

Date Number Low High Number Low High (%)

5-Oct-94 1,951,212 1,629,680 2,272,744 54,634 45,631 63,637 2.8

17-Oct-95 755,236 662,504 847,968 68,726 60,287 77,165 9.1

18-Sep-96 311,773 195,585 427,961 6,859 0 9,415 2.2

18-Sep-97 767,747 677,359 858,135 36,084 31,836 40,332 4.7
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Appendix K.10.  Townet catches from Portage Lake, 1993-1997.

a CPUE - Catch per unit effort

     Catch by Species
Number Total Sockeye Stickleback

Date of Tows Minutes No. % CPUEa No. % CPUEa

21-Sep-93 5 42 53 10.7 1.3 444 89.3 10.6

5-Oct-94 4 69 140 2.8 2.0 4,910 97.2 71.2

17-Oct-95 2 18 14 9.5 0.8 140 90.5 7.8

18-Sep-96 6 60 10 2.2 0.2 453 97.8 7.6

18-Sep-97 7 52 29 4.7 0.6 591 95.3 11.4
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Appendix K.11. Mean length, weight, and condition coefficient by age for juvenile
sockeye salmon captured by townet at Portage Lake, 1993-1997.

Age-0 Age-1 Age-2
Length Weight Condition Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

21-Sep-93 8 58.6 2.6 1.27 13 74.2 5.3 1.25 1 81.0 7.2 1.35

5-Oct-94 133 47.6 1.3 1.12 3 66.0 3.4 1.16 0

17-Oct-95 6 61.5 2.3 0.98 4 66.5 3.8 1.33 0

18-Sep-96 0 10 67.5 3.7 1.20 0

18-Sep-97 0 21 53.9 1.8 1.12 2 57.0 2.1 1.09
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Appendix K.12. Mean length, weight, and condition coefficient, by age of sockeye
salmon smolt collected from Portage Creek, 1994-1996 and 1998-2001.

Age-1 Age-2
Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K)
June 7-13, 1994 176 74.6 3.3 0.80 17 79.7 4.2 0.81

June 7-13, 1995 45 61.5 2.0 0.80 0

June 7-13, 1996 6 76.5 4.0 0.88 5 74.2 3.3 0.82

May 31-June 17, 1998 134 75.4 3.9 0.89 47 80.3 4.9 0.90

June 21-27, 1999 145 77.9 4.7 0.99 57 82.9 8.8 0.88

June 14-July 4, 2000 184 82.8 5.3 0.93 10 86.7 6.1 0.93

May 29, 2001 170 71.4 3.0 0.81 30 78.7 4.3 0.84
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Appendix K. 13. Estimated age composition of Portage Lake sockeye salmon escapement
samples, 1993 and 1998-2001.

a The total was the amount sampled not an escapement count. An adult weir was not operated in
1998.

Sample Ages
Year Size 1.1 1.2 1.3 1.4 2.1 2.2 2.3 2.4 3.2 3.3 Total

1993 5,363 Number 134 670 536 134 402 2,413 1,073 0 0 0 5,363
Percent 2.5 12.5 10.0 2.5 7.5 45.0 20.0 0.0 0.0 0.0 100

1998 a 283 Number 37 19 45 1 92 83 5 0 1 0 283
Percent 13.1 6.7 15.9 0.4 32.5 29.3 1.8 0.0 0.4 0.0 100

1999 510 Number 2 253 77 0 0 77 92 0 6 3 507
Percent 0.0 50.0 15.3 0.0 0.0 15.3 18.2 0.0 1.2 100.0

2000 1,026 Number 33 2,514 7,799 0 0 594 2,508 7 0 0 13,455
Percent 0.2 18.7 58.0 0.0 0.0 4.4 18.6 0.1 0.0 0.0 100.0

2001 986 Number 9 53 2,691 22 6 3 359 6 0 0 3,147
Percent 0.3 1.7 85.5 0.7 0.2 0.1 11.4 0.2 0.0 0.0 100



251

Valarian CreekSu
m

m
it 

C
re

ek

Midw
ay C

ree
k

Li
nd

a 
C

re
ek

Dog Salmon Creek

White
 Crow

n

Ho
llow

 Fo
x

g

Station 1
Limnology 
Sampling

46

53
46

38

59

58

30 46

38

C
ai

da
 C

re
ek

Fr
az

le
 C

re
ek

Pid
dle

 C
ree

k

g

g

g

Station 2
Zooplankton Sampling

Station 3
Limnology Sampling

0

53

5 km

Pinnell
Creek

St
um

ble
 C

re
ek

Co
urt

s C
ree

k

Jaeger Creek
Station 4
Zooplankton Sampling

6

Maximum depth:  58.9 meters

Volume:  551.1  x  10   m

Mean depth:  33.2 meters

Bottom contours in meters

FRAZER LAKE

Area:  16.6  x  10   m6 2

3

k
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Appendix L.2.  The amount of nutrient enrichment additions and ratios into Frazer
Lake, 1988-1992.

a Nitrogen-Phosphorus-Potassium

Fertilizer Amount
Year type (kg)
1988 27-7-0 60,960
1989 20-5-0 66,040
1990 20-5-0 76,200
1991 20-5-0 76,200
1992 20-5-0 76,200
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Appendix L.3.  Frazer Lake fish passes, diversion weir, and ADF&G complex.
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Appendix L.4. Limnological sampling stations and total
samples collected for Frazer Lake, 1986-2001.

Sampling Total
Year Stations Samples
1986 1, 2 6
1987 1, 2 6
1988 1, 2 9
1989 1, 2 9
1990 1, 2 9
1991 1, 2 7
1992 1, 2 6
1993 1, 2 5
1994 1-4 4
1995 1-4 4
1996 1-4 4
1997 1, 2 4
1998 1 3
1999 1 4
2000 1 4
2001 1, 3 4
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Appendix L.5.  Summary of seasonal mean water chemistry parameters by station and depth for Frazer Lake, 1990-1996.

SD - standard deviation
na - parameters were not analyzed.

Depth pH   Alkalinity  Turbidity Color Calcium Magnesium Iron

Year Stn. (m) (umhos cm
-1

) SD (Units) SD (mg L
-1

) SD (NTU) SD (Pt units) SD (mg L
-1

) SD (mg L
-1

) SD (ug L
-1

) SD

1990 1 1 50.6 0.9 7.1 0.2 13.9 1.2 0.8 0.3 6.0 2.4 4.4 1.2 0.9 0.3 31 23.7

1 23 50.3 0.7 7.1 0.1 13.9 0.7 0.9 0.4 5.3 1.3 4.6 1.0 0.9 0.5 29 14.1

3 1 50.7 0.9 7.1 0.1 14.3 0.8 0.8 0.3 4.7 0.9 4.4 0.7 0.8 0.4 48 76.4

3 50 50.6 0.7 7.1 0.2 14.6 0.7 0.8 0.3 5.0 2.4 4.5 0.9 0.8 0.4 37 35.5

1991 1 1 52.6 0.8 7.2 0.2 13.1 2.0 0.8 0.5 6.0 2.6 4.7 0.3 0.9 0.6 21 20.3

1 23 52.9 0.9 7.1 0.1 13.2 2.3 1.0 0.5 6.9 2.6 4.6 0.3 1.1 0.4 32 21.0

3 1 52.6 1.1 7.0 0.2 13.1 2.3 1.0 0.5 7.9 3.3 4.5 0.6 0.9 0.6 28 23.6

3 45 52.6 1.0 7.0 0.1 13.4 2.6 1.2 0.4 5.0 1.2 4.6 0.3 0.9 0.4 47 22.8

1992 1 1 52.9 6.0 7.0 0.1 12.9 1.0 0.6 0.2 6.1 2.5 5.1 0.4 1.2 0.6 17 5.3

1 20 51.7 2.7 7.0 0.2 13.1 1.1 0.7 0.4 6.0 1.8 5.0 0.8 1.4 0.5 52 46.7

3 1 51.7 0.8 7.1 0.2 13.3 0.4 0.8 0.3 6.5 1.8 5.0 0.7 1.4 0.9 20 5.0

3 50 51.2 0.8 7.0 0.3 13.3 0.9 0.6 0.3 6.0 1.7 4.7 0.5 1.5 0.4 17 3.2

1993 1 1 53.4 2.6 6.8 0.1 13.1 0.7 0.8 0.4 6.4 4.7 4.7 0.4 1.5 0.6 20 10.6

1 25 54.8 4.8 6.8 0.3 13.9 1.6 0.7 0.5 3.8 1.3 5.3 1.0 1.5 0.6 17 4.6

3 1 53.8 2.6 6.8 0.2 12.8 0.8 0.7 0.4 3.6 0.9 4.9 0.2 1.5 0.6 21 9.9

3 50 70.0 28.8 7.0 0.7 14.8 2.5 1.2 1.2 3.8 1.6 5.6 1.3 1.4 0.7 23 1.0

1994 1 1 55.5 1.3 7.0 0.4 14.0 1.2 0.6 0.5 5.3 1.0 4.9 0.1 1.3 0.1 23 13.4

1 23 54.8 1.9 6.9 0.3 13.5 1.0 0.4 0.1 5.0 2.2 4.9 0.1 1.3 0.1 22 11.3

3 1 55.0 0.8 6.8 0.2 13.1 0.6 0.6 0.3 5.5 1.9 4.9 0.1 1.3 0.1 26 12.5

3 48 54.3 0.5 6.7 0.2 12.6 0.5 0.4 0.0 3.8 0.5 4.9 0.1 1.3 0.1 24 17.0

1995 1 1 50.0 2.6 6.8 0.2 12.9 0.9 1.3 0.8 7.8 2.1 4.5 0.2 1.0 0.4 28 21.8

1 44 50.7 4.2 6.6 0.1 13.1 1.6 1.1 0.9 6.3 2.9 4.4 0.1 0.8 0.3 21 14.2

3 1 50.8 3.2 6.6 0.3 13.8 1.1 1.1 0.5 6.8 2.2 4.5 0.2 1.0 0.4 22 11.3

3 52 50.8 3.2 6.6 0.2 12.4 1.3 1.0 0.6 7.0 2.9 4.7 0.4 1.1 0.3 22 8.5

1996 1 1 53.3 1.5 6.8 0.2 13.9 0.4 0.5 0.1 7.0 2.4 4.6 0.1 0.7 0.3 13 10.4

1 44 54.8 2.2 6.9 0.2 14.1 0.9 0.8 0.3 7.3 3.0 4.6 0.1 0.9 0.4 17 11.8

3 1 53.7 1.2 6.9 0.2 14.0 0.3 0.5 0.1 6.3 1.3 4.6 0.1 0.7 0.3 18 9.6

3 50 54.0 1.4 6.7 0.0 14.0 0.3 1.1 0.6 6.3 1.3 4.6 0.1 0.9 0.4 15 10.4

 Sp. Conductivity
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Appendix L.6. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Frazer
Lake, 1990-1996.

SD - standard deviation
na - parameters were not analyzed.

Total Filterable Total Kjel- Nitrate Reactive Organic
Depth

Year Station (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1990 1 1 5.5 1.2 2.9 0.5 1.2 0.5 63.8 20.4 6.4 4.3 46.8 24.9 1673 492.7 224 123.9 1.80 1.1 0.71 0.5

1 23 5.7 1.8 2.7 0.4 1.3 0.5 68.9 17.5 6.5 3.6 47.4 20.3 1719 481.7 255 151.4 1.74 1.2 0.88 0.7
3 1 6.3 1.9 3.1 0.6 1.2 0.4 69.0 26.7 6.1 5.1 40.7 21.1 1656 542.4 172 118.8 1.60 1.7 0.67 0.5
3 50 5.5 1.5 2.7 0.1 1.3 0.5 70.4 24.7 12.7 12.6 48.8 14.9 1803 480.4 217 156.0 1.74 1.3 0.84 0.5

1991 1 1 5.2 0.8 3.4 0.6 2.1 0.8 93.6 29.1 6.5 10.6 43.9 24.6 970 55.6 0 0.0 1.35 0.4 0.70 0.5
1 23 5.4 0.9 5.3 3.8 3.0 1.9 100.4 23.9 10.1 10.2 55.1 14.6 1008 53.2 0 0.0 1.77 0.9 0.59 0.5
3 1 5.6 1.1 3.7 0.9 2.3 0.9 104.6 26.1 7.2 11.4 46.2 23.4 1014 67.3 0 0.0 1.65 0.8 0.68 0.4
3 45 6.4 0.6 4.0 0.4 2.2 0.5 96.6 22.2 13.6 15.9 61.7 7.5 1005 100.5 0 0.0 2.14 1.4 0.67 0.2

1992 1 1 5.1 2.2 2.6 1.3 1.4 0.6 107.6 40.7 5.4 3.0 64.1 24.7 1409 89.6 166 54.8 1.41 1.0 0.79 0.4
1 20 5.7 3.2 2.8 1.2 1.3 0.6 105.2 25.1 9.4 8.0 75.6 19.0 1239 484.3 154 126.7 1.14 0.7 0.71 0.4
3 1 5.2 2.2 2.6 1.0 1.2 0.4 119.1 48.0 5.8 2.6 56.7 17.8 1436 73.1 174 57.7 1.47 0.5 0.95 0.3
3 50 4.7 4.2 2.7 1.4 1.4 0.7 86.3 25.1 13.3 7.3 85.3 12.4 1493 130.1 90 37.1 0.75 0.5 0.52 0.2

1993 1 1 5.1 1.0 3.7 1.0 2.1 0.7 97.2 12.4 5.6 1.6 55.5 32.4 1780 119.8 151 69.4 1.70 0.6 0.45 0.2
1 25 5.4 0.8 3.1 0.7 1.9 0.5 99.5 17.2 10.7 8.7 79.6 12.1 1819 100.2 162 60.5 1.82 0.9 0.54 0.2
3 1 5.3 0.7 3.1 1.3 2.1 0.5 104.3 19.9 7.0 0.0 58.1 28.5 1803 134.8 150 49.2 1.69 0.5 0.48 0.2
3 50 5.4 1.1 3.2 1.1 1.7 0.3 97.4 15.5 10.5 6.8 80.3 21.8 1870 114.9 102 20.1 1.19 0.5 0.51 0.2

1994 1 1 6.3 2.7 1.8 0.2 1.4 0.3 94.9 7.7 6.2 3.5 61.1 16.0 1900 41.2 136 27.4 0.65 0.1 0.14 0.0
1 2 na na na na na na na na na na na na na na na na 0.66 0.1 0.16 0.0
1 23 3.8 0.6 2.0 0.4 1.4 0.3 91.9 7.0 10.9 10.4 71.4 12.2 1961 62.6 142 20.4 0.63 0.2 0.13 0.1
3 1 6.4 3.2 2.4 0.9 1.6 0.6 108.7 22.2 4.4 1.1 57.1 22.0 1957 76.8 137 37.5 0.70 0.1 0.17 0.0
3 2 na na na na na na na na na na na na na na na na 0.69 0.1 0.17 0.0
3 48 6.3 4.9 1.8 0.5 1.4 0.4 97.8 8.1 16.1 12.8 79.3 8.6 2013 93.1 76 32.9 0.46 0.2 0.16 0.1

1995 1 1 5.2 0.6 2.1 0.3 1.5 0.2 94.4 14.7 3.4 2.3 70.4 20.9 2192 68.6 162 31.9 1.98 0.7 0.59 0.2
1 2 na na na na na na na na na na na na na na na na 2.01 0.9 0.61 0.1
1 44 4.0 0.4 1.9 0.5 1.5 0.3 80.5 8.6 10.4 6.2 95.1 8.2 2320 104.1 89 21.5 1.55 0.4 0.49 0.1
3 1 5.2 0.8 2.0 0.5 1.4 0.3 96.2 11.7 3.2 2.2 71.4 20.1 2239 66.5 164 80.1 1.86 1.1 0.51 0.2
3 2 na na na na na na na na na na na na na na na na 1.95 0.8 0.58 0.3
3 52 4.7 0.8 2.0 0.1 1.5 0.3 79.7 13.3 11.1 6.3 104.8 6.6 2331 96.6 56 20.2 1.01 0.4 0.43 0.1

1996 1 1 4.8 1.7 2.5 1.0 1.9 1.2 114.7 24.8 4.5 3.6 30.4 26.9 2104 127.0 141 19.5 0.55 0.1 0.24 0.0
1 2 na na na na na na na na na na na na na na na na 0.39 0.4 0.20 0.2
1 44 5.4 2.2 1.8 0.5 1.4 0.4 103.8 9.0 9.1 7.1 58.9 3.5 2165 160.0 129 66.2 0.57 0.1 0.27 0.0
3 1 5.3 0.7 2.1 1.0 1.3 0.6 117.9 24.3 3.0 1.7 28.2 22.2 2204 174.5 128 14.4 0.55 0.2 0.24 0.0
3 2 na na na na na na na na na na na na na na na na 0.53 0.5 0.26 0.3
3 50 4.4 0.9 1.9 1.0 1.7 1.1 98.1 4.9 9.6 8.3 70.1 13.8 2176 166.5 91 56.8 0.40 0.1 0.23 0.1

 carbon Chlorophyll a Phaeophytin aTotal-P  filterable-P reactive-P dahl nitrogen Ammonia  + nitrite  silicon
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Appendix L.7. Weighted mean zooplankton density, biomass, and size by genera for Frazer Lake, 1985-2001.

a From 1985-1993 stations 1 and 2 were sampled, from 1994-1996 stations 1-4 were sampled, in 1997 stations 1 and 2 were sampled,
from 1998-2000 station 1 was sampled, and in 2001 stations 1 and 3 were sampled.

b The high density and biomass levels could be skewed high due to only three samples collected in 1998.

No. of Diaptomus Cyclops Bosmina Daphnia
Sample Density Density Biomass Size Density Density Biomass Size Density Density Biomass Size Density Density Biomass Size

Year Datesa (no/m2) (no/m3) (mg/m2) (mm) (no/m2) (no/m3) (mg/m2) (mm) (no/m2) (no/m3) (mg/m2) (mm) (no/m2) (no/m3) (mg/m2) (mm)

1985 5 40 1 0 0.70 1,512 37 3 0.78 121,746 3,682 145 0.36 42,255 1,092 65 0.60
1986 7 38 1 0 0.00 3,431 90 7 0.73 66,766 2,063 83 0.37 27,516 777 42 0.60
1987 8 95 2 1 0.96 13,175 378 23 0.70 47,676 1,453 67 0.39 18,028 489 31 0.64
1988 7 0 0 0 0.00 5,725 153 19 0.94 92,281 3,410 118 0.37 59,256 1,912 92 0.61
1989 6 0 0 0 0.45 15,731 448 40 0.84 94,708 3,286 128 0.38 42,142 1,258 62 0.59
1990 9 74 3 0 0.82 50,756 1,498 106 0.77 58,587 1,461 82 0.39 2,136 51 4 0.65
1991 7 228 10 0 0.64 55,012 1,341 112 0.76 111,598 3,720 114 0.34 2,969 109 5 0.62
1992 7 8 0 0 1.24 133,548 3,416 395 0.91 117,044 3,756 169 0.39 28,677 717 63 0.71
1993 5 213 4 1 0.95 120,295 3,035 242 0.76 161,651 5,079 164 0.33 12,654 345 18 0.59
1994 4 93 4 1 1.04 49,801 1,183 94 0.73 114,400 2,954 156 0.38 28,145 779 45 0.61
1995 4 0 0 0 59,089 1,270 85 0.65 39,823 866 41 0.34 10,403 218 16 0.60
1996 4 10,483 210 30 0.87 103,485 2,144 150 0.64 118,218 2,521 133 0.35 33,685 728 53 0.61
1997 4 0 0 0 88,137 1,916 276 0.93 181,369 3,981 250 0.39 59,554 1,297 84 0.58

1998b 3 302 7 0 0.02 319,083 7,446 686 62.85 1 246,200 5,838 363 33.29 20,059 470 42 3.83
1999 4 0 0 0 0.00 226,991 5,315 394 92.13 # 28,026 656 31 7.32 1,062 25 2 0.54
2000 4 0 0 0 0.00 23,065 526 32 63.24 # 16,919 384 18 35.57 299 7 1 1.19
2001 5 16 1 0 0.08 16,247 349 20 11.90 # 55,560 1,164 87 52.60 24,366 540 58 35.42

Avg= 5 964 20 3 0.64 75,593 1,797 158 14.13 98,386 2,722 126 7.86 24,306 636 40 2.88
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Appendix L.8. Weighted mean zooplankton biomass by genera and lake enrichment time period for Frazer Lake,
1985-2001.
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Appendix L.9. Juvenile sockeye salmon estimates based on fall townet catch species composition and hydroacoustic
fish population estimates for Frazer Lake, 1990-1997.

Sockeye
Composition

Date Number Low High Number Low High (%)

6-Sep-90 7,434,331 5,892,227 8,976,435 5,709,566 4,524,308 6,894,825 76.8

19-Sep-91 8,320,947 7,038,830 9,603,064 6,265,673 5,297,874 7,233,472 75.3

16-Sep-92 8,340,877 5,709,471 10,972,283 1,501,358 1,028,027 1,974,689 18.0

1-Oct-93 12,519,826 11,699,503 13,340,149 788,749 736,361 841,137 6.3

10-Sep-94 9,069,751 8,150,824 9,988,678 36,279 32,602 39,956 0.4

2-Oct-95 3,927,893 3,244,987 4,610,799 15,712 12,996 18,427 0.4

5-Sep-96 1,948,829 1,850,215 2,047,443 327,403 310,939 343,867 16.8

4-Sep-97 2,411,638 1,865,126 2,958,150 1,285,403 1,283,181 1,287,625 53.3

 Total Fish Estimates Sockeye Estimates
95% C. I. 95% C. I. 
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Appendix L.10. Townet catches from Frazer Lake, 1990-1996.

a CPUE - Catch per unit effort

Catch by Species
Number Total Tow Sockeye Stickleback

Date of Tows Minutes No. % CPUEa No. % CPUEa

7-Sep-90 3 60 106 76.8 1.8 32 23.2 0.5

20-Sep-91 3 60 174 75.3 2.9 57 24.7 1.0

17-Sep-92 3 90 328 18.0 3.6 1,496 82.0 16.6

2-Oct-93 3 60 16 6.3 0.3 238 93.7 4.0

11-Sep-94 3 60 2 0.4 0.0 513 99.6 8.6

3-Oct-95 8 121 3 0.4 0.1 828 99.6 6.8

6-Sep-96 5 75 113 16.8 1.5 558 83.2 7.4
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Appendix L.11. Mean age, length, weight, and condition coefficient by age for juvenile sockeye salmon captured by
townet at Frazer Lake, 1990-1996.

Age-0 Age-1 Age-2
Length Weight Condition Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

7-Sep-90 64 50 1.5 1.19 40 77 5.2 1.15 0

20-Sep-91 54 50 1.2 0.92 47 70 3.4 0.95 0

17-Sep-92 51 64 2.9 1.05 132 87 6.5 1.00 23 91 7.5 0.99

2-Oct-93 22 66 1.6 0.58 2 97 5.0 0.55 0

11-Sep-94 2 68 1.7 0.54 0 0

3-Oct-95 2 53 1.6 1.07 0 0

6-Sep-96 6 44 1.0 1.17 95 58 2.2 1.08 3 80 5.4 1.05
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Appendix L.12. Estimated number of sockeye salmon smolt emigrating from Frazer
Lake by year and age class, 1991-2001.

a Due to high water, smolt emigration estimates are not available
b 19 Age 0. Smolt were also estimated in 2001.

Smolt Number and Relative Percent Total
Outmigration of Smolt by Age Class Population 95% CI

Year 1. 2. 3. 4. Estimate SE Lower Upper

1991 1,940,906 2,870,690 6,905 0 4,818,501 1,077,978 2,705,664 6,931,337
40.3% 59.6% 0.1% 0.0%

1992 82,415 4,978,109 305,253 0 5,365,777 624,657 4,141,448 6,590,106
1.5% 92.8% 5.7% 0.0%

1993 22,221 4,046,434 3,364,676 966 7,434,298 1,397,839 4,694,534 10,174,062
0.3% 54.4% 45.3% 0.0%

1994 673,765 4,450,246 537,478 0 5,661,489 344,992 4,985,306 6,337,672
11.9% 78.6% 9.5% 0.0%

1995 53,410 8,684,874 85,492 0 8,823,777 551,775 7,742,298 9,905,256
0.6% 98.4% 1.0% 0.0%

1996 57,487 3,480,272 282,845 0 3,820,604 268,297 3,294,742 4,346,466
1.5% 91.1% 7.4% 0.0%

1997 244,298 2,196,609 628,446 0 3,069,352 295,134 2,490,891 3,647,814
8.0% 71.6% 20.5% 0.0%

1998a 33.6% 65.5% 1.0% 0.0%

1999 744,710 1,274,565 433,687 2,452,962 219,262 2,023,209 2,882,715
30.4% 52.0% 17.7% 0.0%

2000 10,105 4,659,190 55,939 9,413 4,734,647 227,527 4,289,578 5,181,484
0.2% 98.4% 1.2% 0.2%

2001 10,833 901,205 29,382 216 941,655 38,386 866,342 1,016,814
1.2% 95.7% 3.1% 0.0%

 1991-2001

 Average 378,674 2,885,732 564,461 1,177 4,255,476 499,341 3,276,857 5,234,274
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Appendix L.13. Frazer Lake sockeye salmon smolt emigration by age class, 1991-1995.

-Continued

Statistical Population 
Year Week Dates 1 2 3 4 Estimate
1991 19 5/03-5/09 0 0 0 0 0

20 5/10-5/16 2,172 2,498 0 0 4,670
21 5/17-5/23 873,195 1,004,644 0 0 1,877,839
22 5/24-5/30 93,892 118,123 0 0 212,015
23 5/31-6/06 1,058,220 1,791,367 0 0 2,849,587
24 6/07-6/13 399,064 492,833 2,181 0 894,078
25 6/14-6/20 61,525 131,956 0 0 193,481
26 6/21-6/27 53,327 185,212 1,147 0 239,686
27 6/28-7/04 10,577 46,961 423 0 57,961
28 7/05-7/11 863 3,832 35 0 4,730

Total 2,552,835 3,777,426 3,786 0 6,334,047

1992 19 5/03-5/09 470 3,287 2,348 0 6,105
20 5/10-5/16 11,406 840,207 315,553 0 1,167,165
21 5/17-5/23 17,968 752,402 137,004 0 907,374
22 5/24-5/30 7,724 613,311 23,173 0 644,208
23 5/31-6/06 13,356 1,073,806 13,356 0 1,100,518
24 6/07-6/13 46,927 1,578,459 59,725 0 1,685,112
25 6/14-6/20 2,938 369,217 5,876 0 378,031
26 6/21-6/27 3,841 216,723 549 0 221,112
27 6/28-7/04 3,859 267,035 0 0 270,894
28 7/05-7/11 0 24,703 0 0 24,703

Total 108,489 5,739,150 557,584 0 6,405,222

1993 19 5/03-5/09 0 16 756 0 772
20 5/10-5/16 0 4,081 45,508 612 50,202
21 5/17-5/23 0 356,218 944,914 0 1,301,132
22 5/24-5/30 0 1,129,985 1,761,446 0 2,891,431
23 5/31-6/06 0 2,024,932 1,471,534 0 3,496,466
24 6/07-6/13 0 1,204,317 433,554 0 1,637,871
25 6/14-6/20 23,496 358,317 29,370 0 411,183
26 6/21-6/27 0 0 0 0 0
27 6/28-7/04 0 0 0 0 0

Total 23,496 5,077,866 4,687,082 612 9,789,057

Age Class
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Appendix L.13  (page 2 of 2)

Statistical Population 

Year Week Dates 1 2 3 4 Estimate

1994 19 5/03-5/09 0 0 0 0 0
20 5/10-5/16 875 85,197 59,813 0 145,886
21 5/17-5/23 11,726 439,417 166,016 0 617,158
22 5/24-5/30 6,345 1,895,113 213,623 0 2,115,082
23 5/31-6/06 110,768 1,398,245 96,320 0 1,605,333
24 6/07-6/13 181,603 680,122 28,487 0 890,212
25 6/14-6/20 271,445 80,336 2,123 0 353,905
26 6/21-6/27 121,944 25,067 442 0 147,454
27 6/28-7/04 23,073 4,759 0 0 27,833
28 7/05-7/11 0 0 0 0 0

Total 727,779 4,608,256 566,824 0 5,902,863

1995 19 5/03-5/09 0 0 0 0 0
20 5/10-5/16 0 1,747,768 30,573 0 1,778,341
21 5/17-5/23 3,789 1,314,676 3,789 0 1,322,253
22 5/24-5/30 13,581 2,349,522 6,791 0 2,369,893
23 5/31-6/06 22,857 1,908,587 28,572 0 1,960,016
24 6/07-6/13 13,261 751,479 4,420 0 769,161
25 6/14-6/20 3,483 154,989 2,322 0 160,794
26 6/21-6/27 2,589 22,911 129 0 25,629
27 6/28-7/04 0 0 0 0 0
28 7/05-7/11 0 0 0 0 0

Total 59,560 8,249,932 76,596 0 8,386,087

Age Class
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Appendix L.14. Summary of mean length, weight, and condition coefficient by age class of Frazer Lake sockeye salmon smolt,
1989-2001.

Age-1 Age-2 Age-3 Age-4
Length Weight Condition Length Weight Condition Length Weight Condition Length Weight Condition

Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

1989 22 87.0 5.5 0.84 620 100.5 8.0 0.78 0 0

1990 573 84.3 4.5 0.74 553 104.3 9.0 0.79 43 112.0 11.7 0.82 0

1991 746 89.7 5.4 0.74 1,344 89.5 5.6 0.77 4 120.8 15.7 0.85 0

1992 49 86.4 6.1 0.94 2,951 83.9 5.5 0.92 191 91.1 7.2 0.93 0

1993 8 89.9 6.1 0.83 682 100.3 8.3 0.82 913 104.2 17.7 0.85 3 121.3 17.7 0.85

1994 713 86.3 5.2 0.81 1,456 102.6 8.1 0.75 302 112.8 10.7 0.74 0

1995 39 86.7 5.3 0.74 2,154 91.2 5.6 0.73 20 115.2 13.6 0.79 0

1996 42 91.3 6.2 0.78 1,718 87.2 5.2 0.78 116 103.6 9.7 0.81 0

1997 544 88.8 5.5 0.78 1,385 93.5 6.4 0.77 638 106.1 9.5 0.79 9 112.6 11.9 0.81

1998 618 97.5 8.1 0.86 1,205 109.6 10.4 0.79 18 114.4 11.8 0.78 0

1999 1,357 88.8 5.5 0.78 792 120.9 13.7 0.77 196 125.7 15.3 0.77 0

2000 29 52.1 1.3 1.07 3,382 85.8 4.3 0.67 90 112.6 11.7 0.80 13 138.3 24.3 0.90

2001 77 70.3 3.4 0.86 2,444 77.4 3.8 0.82 79 109.2 11.5 0.85 1 155 33.5 0.90
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Appendix L.15. Frazer Lake sockeye salmon escapement, catch, run, and
exploitation rate, 1970-2001.

a Prior to 1983 the Dog Salmon weir was not in operation.
b Dog Salmon weir count minus Frazer fish ladder count.
b Dog Salmon weir count minus Frazer fish ladder count.
c Although Frazer Lake sockeye catch occurred prior to 1983, numbers are

unreliable.
d In 1984, the Dog Salmon weir count is inaccurate due to high water; Alitak

catch based upon Frazer count.
e Estimated value, weir was inoperable for part of season actual count was

241,970 sockeye.

Sagalkin, N. In Press.1999. Frazer Lake Fish Pass Sockeye Salmon Smolt and Adult Research,
1997 and 1998. Alaska Dept. of Fish and Game, Division of Commercial Fisheries, RIR No.
4K99-59, Kodiak.

Escapement Exploitation
Year DS Weir a Fish Ladder River b Catch c Run Rate (%)
1970 24,039 3,904 27,943 14
1971 55,366 10,549 65,915 16
1972 66,419 2,761 69,180 4
1973 56,255 1,210 57,465 2
1974 82,609 2,765 85,374 3
1975 64,199 3,300 67,499 5
1976 119,321 8,770 128,091 7
1977 139,548 1,366 140,914 1
1978 141,981 30,336 172,317 18
1979 126,742 26,805 153,547 17
1980 405,535 55,173 460,708 12
1981 377,716 110,210 487,926 23
1982 430,423 76,232 506,655 15
1983 166,655 158,340 8,315 29,668 196,323 15

1984 d 48,844 53,524 -4,680 13,853 62,697 22
1985 506,336 485,835 20,501 131,535 637,871 21
1986 136,553 126,529 10,024 41,652 178,205 23
1987 48,956 40,544 8,412 8,626 57,582 15
1988 248,055 e 246,704 1,351 210,406 458,461 46
1989 362,007 360,373 1,634 708,864 1,070,871 66
1990 254,540 226,707 27,833 725,293 979,833 74
1991 288,013 190,358 97,655 980,132 1,268,145 77
1992 206,406 185,825 20,581 212,367 418,773 51
1993 198,412 178,391 20,021 552,993 751,405 74
1994 240,913 206,071 34,842 409,132 650,045 63
1995 222,170 196,323 25,847 730,207 952,377 77
1996 208,638 198,695 9,943 492,275 700,913 70
1997 268,328 205,264 63,064 148,091 416,419 36
1998 245,409 233,755 11,654 360,949 606,358 60
1999 222,964 216,565 6,399 134,115 357,079 38
2000 222,965 158,044 64,921 236,661 459,626 60
2001 163,309 154,349 8,960 249,023 412,332 62

Avg. 1983-2001 221,579 201,168 20,410 334,287 555,866 50
10 year Avg. 215,004 193,328 21,675 350,143 565,147 58
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Appendix M.2. The amount of nitrient enrichment additions and ratios
into Karluk Lake, 1986-1990.

a  Nitrogen-Phosporus-Potassium

Year Fertilizer Ratioa Amount (kg)

1986 27-7-0 87,272

1987 27-7-0 87,272

1988 27-7-0 87,272

1989 20-5-0 77,272

1990 20-5-0 27,272

1990 32-0-0 59,091
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Appendix M.3. Limnological sampling stations and total
samples collected for Karluk Lake, 1990-
2001.

Sampling Total
Year Stations Samples
1990 3 9
1991 3 6
1992 3 5
1993 1 5
1994 1 4
1995 2 4
1996 1 4
1997 2 4
1998 No sampling conducted
1999 1 3
2000 1 4
2001 1 5
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Appendix M.4. Summary of seasonal mean water chemistry parameters by station and depth for Karluk Lake, 1985-
1994.

-Continued-

Sta Depth Sp. Conductivity pH Alkalinity Turbidity Color Calcium Magnesium Iron

Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1 ) SD (NTU) SD (Pt units) SD (mg L -1) SD (mg L-1 ) SD (ug L-1) SD
1985 2 1 63.0 na 7.3 na 22.0 na 1.0 na 4.0 na 8.3 na 1.6 na 10.0 na

2 35 63.0 na 7.2 na 23.0 na 2.0 na na na 8.6 na 1.5 na 10.0 na
3 1 64.0 na 7.0 na 22.0 na 0.7 na 4.3 na 8.3 na 1.3 na 7.0 na
3 50 65.0 na 7.1 na 22.0 na 0.6 na na na 8.0 na 1.6 na 10.0 na
4 1 62.0 na 7.3 na 21.0 na 0.8 na 5.0 na 7.5 na 1.8 na 10.0 na
4 50 60.0 na 7.1 na 21.0 na 2.1 na na na 8.2 na 1.2 na 13.0 na

1986 2 1 64.0 na 7.2 na 24.0 na 0.5 na 3.2 na na na na na 14.0 na
2 35 62.0 na 7.1 na 24.0 na 1.0 na 3.7 na na na na na 8.0 na
3 1 64.0 na 7.2 na 24.0 na 0.8 na 4.3 na na na na na 26.0 na
3 50 63.0 na 7.1 na 23.0 na 0.5 na 4.0 na na na na na 8.0 na
4 1 64.0 na 7.2 na 23.0 na 0.5 na 4.8 na na na na na 8.0 na
4 50 64.0 na 7.1 na 24.0 na 0.7 na 4.2 na na na na na 17.0 na

1987 2 1 63.0 na 7.0 na 22.0 na 0.5 na 2.9 na 6.5 na 1.4 na 22.0 na
2 35 64.0 na 7.0 na 22.0 na 0.5 na 2.7 na 6.5 na 1.3 na 16.0 na
3 1 64.0 na 7.0 na 22.0 na 0.5 na 3.6 na 6.5 na 1.6 na 15.0 na
3 50 64.0 na 7.0 na 22.0 na 0.5 na 4.0 na 6.5 na 1.3 na 27.0 na
4 1 64.0 na 7.0 na 22.0 na 0.4 na 2.9 na 6.5 na 1.5 na 26.0 na
4 50 62.0 na 7.0 na 21.0 na 0.4 na 3.3 na 6.5 na 1.6 na 33.0 na

1988 2 1 63.4 3.0 7.4 0.5 20.3 1.3 0.6 0.4 8.5 3.4 na na na na 17.8 11.3
2 30 63.8 1.0 7.0 0.2 20.6 1.4 0.6 0.3 7.4 1.5 na na na na 14.4 9.4
3 1 63.3 0.7 7.2 0.4 20.1 1.0 0.6 0.4 8.8 3.5 na na na na 17.4 11.9
3 40 64.4 1.7 7.1 0.3 19.8 1.2 0.5 0.1 11.9 10.8 na na na na 16.0 10.7
4 1 63.0 1.1 7.2 0.2 20.3 1.0 0.6 0.2 9.1 4.2 na na na na 13.6 10.4
4 80 63.9 0.4 7.1 0.2 20.0 0.8 0.5 0.2 7.4 2.1 na na na na 19.3 13.4

1989 2 1 64.0 1.0 7.2 0.2 21.4 1.7 0.4 0.1 5.3 1.1 7.5 0.3 1.0 0.7 7.9 4.9
2 30 64.7 1.3 7.1 0.2 21.4 2.0 0.4 0.2 5.0 1.7 7.2 0.3 1.2 0.5 11.0 6.1
3 1 64.1 0.6 7.1 0.2 20.8 1.8 0.4 0.2 5.2 2.0 7.4 0.5 1.4 0.2 5.8 4.9
3 40 64.8 0.9 7.1 0.2 21.3 1.9 0.4 0.1 5.0 2.0 7.4 0.5 1.4 0.2 12.1 4.3
4 1 63.9 0.4 7.2 0.2 21.0 2.2 0.3 0.1 5.9 2.9 7.1 0.5 1.5 0.4 7.4 5.1
4 80 64.0 0.5 7.1 0.2 21.1 2.6 0.4 0.2 5.7 2.0 7.0 0.3 1.3 0.2 8.0 5.2
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Appendix M.4.  (page 2 of 2)

SD - Standard Deviation
na - parameters were not analyzed.
Limnology results from 1985-1987 were obtained from Koenings, J.P., and R.D. Burkett. 1988.

Sta Depth Sp. Conductivity pH Alkalinity Turbidity Color Calcium Magnesium Iron

Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 2 1 64.4 2.0 7.5 0.3 22.3 0.8 0.5 0.4 4.9 2.4 7.2 0.7 1.4 0.3 10.7 9.4

2 30 64.6 0.8 7.2 0.3 22.3 1.1 0.7 1.0 4.7 1.2 6.8 0.6 1.4 0.6 24.4 47.5
3 1 64.0 0.9 7.4 0.3 22.4 0.8 0.5 0.2 4.0 1.1 6.8 0.7 1.5 0.4 10.3 5.4
3 40 65.3 1.7 7.3 0.2 22.8 1.3 0.5 0.3 4.6 1.6 7.2 0.5 1.4 0.3 10.8 10.8
4 1 63.4 2.3 7.4 0.2 22.3 0.9 0.5 0.2 5.4 1.4 7.2 0.5 1.4 0.3 16.9 14.1
4 80 64.8 0.5 7.3 0.1 21.7 2.6 0.5 0.3 3.7 1.3 7.2 0.3 1.4 0.3 16.2 22.2

1991 2 1 66.6 2.5 7.5 0.4 23.4 2.3 0.9 0.4 4.0 1.2 7.8 1.0 1.5 0.8 49.7 85.1
2 30 67.0 1.4 7.2 0.1 22.6 2.3 1.1 1.4 10.4 5.8 8.0 0.8 1.1 0.9 17.4 12.0
3 1 67.3 1.3 7.4 0.1 23.2 1.7 1.7 0.3 5.6 1.7 8.0 0.4 2.4 0.7 21.2 19.9
3 40 67.0 1.9 7.2 0.3 22.4 3.0 0.8 0.7 5.6 1.7 7.8 0.6 1.4 0.7 23.2 19.8
4 1 68.0 2.9 7.5 0.4 23.8 2.0 1.1 0.7 7.2 4.7 8.0 0.8 1.6 0.4 71.7 19.5
4 80 66.6 0.5 7.3 0.1 23.0 1.7 0.8 0.5 8.4 3.6 8.2 0.8 2.7 4.0 16.7 18.9

1992 2 1 65.4 0.5 7.0 0.2 20.5 1.1 0.6 0.2 3.6 0.9 7.4 1.0 2.2 0.7 14.0 6.7
2 30 65.6 1.1 6.9 0.1 20.3 0.7 0.4 0.1 4.0 0.7 8.4 2.7 1.8 1.0 11.0 0.0
3 1 64.8 0.8 7.1 0.2 20.5 0.7 0.5 0.1 5.0 0.7 7.4 1.1 1.3 0.9 11.0 0.0
3 40 65.2 0.8 7.0 0.2 21.1 1.7 0.4 0.2 5.2 2.3 8.1 1.3 1.1 0.8 11.0 0.0
4 1 65.0 0.7 7.1 0.2 21.1 1.3 0.5 0.1 4.4 0.9 8.5 2.0 1.5 0.8 11.0 0.0
4 80 65.0 1.0 7.0 0.1 20.6 0.7 1.2 1.7 4.6 2.4 7.7 1.5 1.8 1.1 11.0 0.0

1993 3 1 69.0 3.5 7.0 0.2 22.2 1.3 0.7 0.6 4.0 2.2 8.1 1.3 1.9 0.8 13.4 3.9
3 40 70.4 1.7 6.9 0.1 21.4 0.5 0.8 0.8 3.8 1.3 8.1 1.2 1.9 0.8 12.6 2.3

1994 3 1 71.3 1.3 7.1 0.2 21.1 1.0 0.8 0.6 9.0 1.2 7.3 0.4 1.4 0.4 29.8 27.9
3 50 71.3 1.5 6.8 0.2 21.1 1.0 1.8 1.9 9.5 1.0 7.8 0.1 1.4 0.4 177.8 181.9
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Appendix M.5. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for
Karluk Lake, 1985-1994.

-Continued-

Total filter- Filterable Total Kjel- Nitrate+ Reactive Chloro- Phaeo-
Sta Depth Total -P able - P reactive - P dahl - N  Ammonia nitrite silicon Carbon phyll a phytin a

Year tion (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1985 2 1 7.7 na 2.5 na 1.1 na 119.0 na 8.2 na 40.9 na 138.0 na 190.0 na 1.92 na 1.05 na

2 35 6.2 na 2.5 na 1.4 na 104.0 na 18.7 na 60.4 na 61.0 na 211.0 na 1.78 na 1.09 na
3 1 5.9 na 1.0 na 1.0 na 105.0 na 24.3 na 42.6 na 54.0 na 256.0 na 1.88 na 0.96 na
3 50 6.3 na 1.5 na 1.5 na 107.0 na 14.3 na 69.5 na 58.0 na 228.0 na 1.58 na 0.91 na
4 1 6.6 na 1.0 na 1.0 na 109.0 na 6.8 na 45.9 na 62.0 na 244.0 na 1.87 na 1.02 na
4 50 6.9 na 1.6 na 1.6 na 102.0 na 17.1 na 70.0 na 63.0 na 213.0 na 1.30 na 0.90 na

1986 2 1 8.4 na 5.3 na 0.9 na 95.0 na 3.1 na 69.1 na 132.0 na 229.0 na 1.67 na 0.57 na
2 35 8.1 na 5.0 na 1.0 na 94.0 na 9.2 na 70.9 na 128.0 na 218.0 na 1.72 na 0.57 na
3 1 8.7 na 5.6 na 1.1 na 107.0 na 2.3 na 65.2 na 67.0 na 209.0 na 1.48 na 0.64 na
3 50 6.9 na 3.7 na 0.9 na 80.0 na 8.2 na 80.9 na 78.0 na 178.0 na 1.37 na 0.52 na
4 1 8.9 na 6.2 na 1.4 na 102.0 na 3.9 na 60.3 na 67.0 na 227.0 na 1.51 na 0.57 na
4 50 8.0 na 4.5 na 1.2 na 83.0 na 8.7 na 71.9 na 61.0 na 176.0 na 1.92 na 0.68 na

1987 2 1 9.3 na 4.0 na 0.9 na 133.0 na 8.8 na 68.6 na 184.0 na NA na 2.29 na 0.55 na
2 35 8.1 na 3.8 na 0.8 na 110.0 na 12.8 na 93.6 na 147.0 na NA na 2.28 na 0.55 na
3 1 8.2 na 3.7 na 1.1 na 117.0 na 12.9 na 61.5 na 89.0 na NA na 2.36 na 0.62 na
3 50 7.8 na 3.5 na 0.8 na 104.0 na 15.7 na 90.2 na 53.0 na NA na 2.64 na 0.55 na
4 1 9.1 na 4.1 na 0.9 na 118.0 na 11.5 na 68.3 na 68.0 na NA na 2.15 na 0.51 na
4 50 8.4 na 3.7 na 0.8 na 98.0 na 17.2 na 113.6 na 63.0 na NA na 2.12 na 0.59 na

1988 2 1 8.2 1.0 3.6 1.0 1.4 0.4 100.7 32.7 6.2 3.1 106.4 46.2 168.3 68.9 355.4 191.8 2.44 0.8 0.70 0.3
2 30 8.2 0.6 3.0 0.8 1.7 0.9 85.9 33.2 11.5 9.7 118.3 16.7 95.9 53.2 311.0 245.4 2.35 1.5 0.68 0.2
3 1 9.0 2.6 4.2 1.6 2.0 0.9 102.1 37.6 4.9 2.6 92.6 39.5 68.5 27.4 399.1 262.2 3.26 3.3 0.83 0.7
3 40 8.5 0.9 4.8 4.1 1.5 0.4 80.4 22.8 10.3 7.9 121.2 31.7 57.3 37.5 275.6 167.4 2.16 0.7 0.63 0.2
4 1 8.5 1.2 4.0 1.2 1.6 0.6 94.4 16.7 4.7 2.0 89.5 36.5 57.0 33.2 343.1 151.0 2.50 1.3 0.87 0.5
4 80 9.2 0.7 3.9 0.8 1.8 0.3 77.1 25.5 7.7 4.9 130.5 17.0 56.8 48.8 321.3 286.2 1.92 0.7 0.59 0.2

1989 2 1 8.0 1.2 4.7 1.4 1.5 0.6 121.3 30.3 3.5 3.0 90.3 46.5 162.6 74.5 na na 1.37 0.4 0.63 0.3
2 30 7.4 1.1 4.8 3.5 1.3 0.6 108.1 14.1 11.0 10.8 122.1 16.3 156.9 70.2 na na 1.44 0.8 0.43 0.1
3 1 7.1 3.1 4.7 1.7 1.4 0.3 111.0 48.1 2.8 2.4 93.3 41.3 73.3 53.6 na na 1.64 0.6 0.64 0.2
3 40 9.1 6.7 3.9 0.6 1.4 0.4 110.6 35.0 6.3 7.2 134.6 24.3 62.0 43.0 na na 1.06 0.6 0.49 0.2
4 1 8.3 1.2 5.7 2.6 2.0 1.5 113.8 18.3 3.6 3.9 93.6 48.9 69.3 37.8 na na 1.22 0.5 0.68 0.2
4 80 8.2 2.2 6.4 3.3 2.5 2.0 99.6 21.5 5.5 3.9 141.4 25.3 57.4 40.1 na na 0.89 0.5 0.42 0.1
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Appendix M.5.  (page 2 of 2)

SD - Standard Deviation
na - parameters were not analyzed.
Limnology results from 1985-1987 were obtained from Koenings, J.P., and R.D. Burkett. 1988.

Total filter- Filterable Total Kjel- Nitrate+ Reactive Chloro- Phaeo-
Sta Depth Total -P able - P reactive - P dahl - N  Ammonia nitrite silicon Carbon phyll a phytin a

Year tion (m) (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD
1990 2 1 7.7 3.2 4.0 0.8 1.5 0.5 103.3 22.6 6.2 2.9 67.6 22.9 228.1 161.9 47.7 86.4 1.33 1.3 0.56 0.4

2 30 8.2 3.6 5.1 1.8 1.9 0.4 96.0 16.0 14.9 16.2 96.7 34.8 205.6 131.9 40.4 45.7 1.20 0.8 0.53 0.3
3 1 8.8 4.2 3.9 0.6 1.4 0.7 108.0 26.6 6.3 3.2 76.7 47.4 153.6 91.7 26.2 33.8 1.07 1.0 0.51 0.3
3 40 7.9 3.2 4.0 1.5 1.7 1.2 98.6 21.4 12.7 11.3 95.5 37.0 148.1 105.1 42.6 80.2 1.06 1.1 0.48 0.3
4 1 8.0 3.0 4.4 1.5 1.8 0.9 98.3 30.4 6.6 2.8 80.6 26.7 134.2 108.6 36.8 71.3 0.94 0.7 0.52 0.4
4 80 7.5 3.2 4.6 1.3 2.3 1.4 81.4 10.5 13.0 10.8 106.7 43.7 141.8 78.6 19.2 11.7 0.77 0.6 0.42 0.2

1991 2 1 6.1 0.9 3.7 0.6 1.3 0.6 96.7 61.9 4.8 5.0 101.4 36.9 158.0 63.8 0.0 0.0 1.65 0.9 0.94 0.5
2 30 9.2 5.4 8.0 5.6 3.2 3.1 67.3 66.3 4.7 2.7 155.2 31.8 115.4 117.9 0.0 0.0 1.47 0.6 0.63 0.3
3 1 8.1 2.3 3.4 0.5 1.1 0.4 78.9 69.5 5.5 5.8 90.0 46.7 107.0 74.9 0.0 0.0 1.54 0.4 0.85 0.2
3 40 6.0 1.0 3.1 0.6 0.9 0.7 65.4 62.1 3.8 1.8 159.2 23.7 83.6 59.5 0.0 0.0 1.26 0.7 0.52 0.1
4 1 7.7 2.3 3.5 1.1 1.2 1.2 69.3 66.8 4.4 4.1 107.3 46.1 96.0 48.0 0.0 0.0 1.58 0.4 0.82 0.3
4 80 7.7 2.6 4.0 1.5 1.8 1.4 68.6 63.0 3.7 3.9 186.4 25.4 82.4 60.5 0.0 0.0 1.14 1.1 0.39 0.2

1992 2 1 8.0 2.8 3.7 1.2 1.0 1.1 138.0 37.2 5.2 2.1 67.5 57.9 220.0 58.5 275.3 78.5 2.28 1.3 0.71 0.6
2 30 6.7 1.8 3.9 1.3 1.4 1.0 125.9 13.9 13.7 13.1 110.8 18.2 214.0 60.8 196.0 57.2 1.35 0.3 0.74 0.1
3 1 8.3 2.4 5.4 2.0 2.5 2.6 154.0 37.4 5.5 1.2 66.6 52.2 143.6 62.7 241.6 67.5 2.40 0.9 0.80 0.1
3 40 6.2 1.8 4.3 2.3 1.7 1.9 113.4 26.7 12.2 9.4 145.1 24.2 190.2 31.9 204.8 72.6 1.07 0.6 0.59 0.2
4 1 7.5 1.3 4.1 0.5 1.1 0.9 131.8 19.2 5.5 2.8 74.9 54.7 146.2 64.0 291.0 88.6 1.73 0.6 0.78 0.2
4 80 6.6 2.5 3.6 0.6 0.9 0.7 103.5 16.0 10.3 10.3 136.4 38.9 203.2 48.4 133.0 74.1 0.68 0.4 0.47 0.2

1993 3 1 6.1 1.2 3.3 0.7 1.3 0.9 105.7 22.0 4.1 1.5 91.9 54.9 145.0 83.1 215.2 39.2 2.76 1.3 1.51 1.7
3 40 8.5 2.8 3.5 0.5 1.3 0.5 111.4 16.7 5.4 4.6 141.1 33.3 127.2 64.0 189.8 56.8 2.69 1.2 0.53 0.4

1994 3 1 5.5 1.6 2.9 1.1 0.9 0.4 114.4 15.0 3.2 1.1 79.6 45.4 139.0 83.5 290.5 158.6 0.97 0.3 0.20 0.1
3 2 na na na na na na na na na na na na na na na na 0.92 0.3 0.23 0.1
3 50 22.1 2.3 7.3 8.1 5.2 7.9 117.1 45.2 21.1 22.8 138.2 14.8 218.8 93.5 267.5 115.5 0.93 0.3 0.27 0.1
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Appendix M.6. Weighted mean zooplankton density, biomass, and size by genera for Karluk Lake, 1981-1997 and
1999-2001.

Diaptomus Cyclops Bosmina Daphnia Total
Samples Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year (n) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2)
1981 8 76,845 257 0.91 422,695 792 0.74 97,570 183 0.45 66,501 146 0.71 663,610 1,379

1982 6 145,134 421 0.88 647,203 1,313 0.76 41,727 75 0.44 66,620 152 0.72 900,685 1,960
1983 5 91,131 305 0.91 474,953 613 0.62 49,687 76 0.41 47,033 89 0.66 662,804 1,083
1984 7 43,047 220 1.07 354,271 1,086 0.93 27,518 61 0.48 40,977 108 0.78 465,813 1,476
1985 6 9,333 29 0.88 457,216 1,089 0.82 48,910 111 0.50 37,233 84 0.75 552,691 1,313

1986 8 36,950 86 0.80 509,587 849 0.70 45,283 82 0.44 36,558 87 0.74 628,378 1,103
1987 10 29,605 90 0.89 289,251 448 0.68 30,215 50 0.42 36,584 70 0.67 347,001 612
1988 8 33,307 119 0.94 408,027 630 0.67 38,897 74 0.45 41,833 107 0.77 522,063 931
1989 7 73,978 242 0.90 531,781 978 0.73 54,074 82 0.41 56,396 109 0.67 716,229 1,411

1990 9 40,440 157 0.97 488,625 944 0.75 30,682 43 0.39 40,548 92 0.72 600,295 1,236
1991 6 34,368 90 0.84 528,662 940 0.72 23,543 32 0.39 31,913 57 0.64 618,487 1,120
1992 5 25,833 137 1.08 674,148 2,094 0.93 50,218 108 0.48 11,165 31 0.79 761,364 2,370

1993 6 19,259 56 0.87 311,452 453 0.65 48,823 62 0.37 37,650 65 0.64 417,184 636
1994 4 27,037 96 0.95 481,358 673 0.64 103,968 155 0.40 30,288 53 0.64 642,651 977
1995 4 55,904 236 0.99 676,997 1,533 0.80 71,430 131 0.44 68,897 145 0.70 873,229 2,045
1996 4 31,476 133 0.98 452,020 793 0.71 81,516 117 0.40 29,624 45 0.60 594,636 1,088

1997 2 97,306 207 0.78 277,680 537 0.75 79,174 112 0.39 103,914 192 0.64 558,075 1,048
1999 3 45,648 125 0.85 280,786 536 0.74 20,711 26 0.37 52,725 108 0.68 399,870 795
2000 4 37,686 135 1.00 457,272 745 0.69 89,106 167 0.45 34,501 57 0.62 618,565 1,104
2001 5 5,706 24 0.99 179,671 264 0.91 28,238 34 0.37 23,646 35 0.68 237,261 357
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Appendix M.7. Weighted mean zooplankton biomass by genera for Karluk Lake, 1981-1997 and
1999-2001.
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Appendix M.8. Juvenile sockeye salmon estimates based on fall townet catch species composition and hydroacoustic fish
populations estimates from Karluk Lake, 1983-1991 and 1994-1997.

a na - Raw data not available to calculate confidence intervals.

                      Total Fish Estimates                       Sockeye Estimates Sockeye
                 95% C. I.                 95% C. I. Composition

Date Number Low High Number Low High (%)

12-Jul-83 10,204,000 9,261,000 11,147,000 1,418,000 1,286,000 1,550,000 14.0

18-Sep-84 42,705,000 17,074,000 68,336,000 1,989,000 885,000 3,093,000 5.0

2-Oct-85 65,020,000 49,743,000 80,297,000 11,336,000 10,232,000 12,440,000 17.0

7-Jul-86 9,571,000 7,715,000 11,427,000 1,367,000 1,119,000 1,615,000 14.0
15-Sep-86 48,066,000 43,382,000 52,750,000 6,037,000 5,443,000 6,631,000 13.0

19-Sep-87 81,278,000 63,073,000 99,483,000 18,205,000 15,005,000 21,405,000 20.0

Sep-88 81,350,000 naa naa 10,924,500 naa naa 13.4

Sep-89 80,077,000 naa naa 3,989,000 naa naa 5.0

10-Sep-90 87,299,500 73,045,681 101,553,319 48,363,923 40,467,307 56,260,539 55.4

25-Sep-91 36,146,550 21,306,133 50,986,967 7,952,241 4,687,349 11,217,133 22.0

20-Apr-94 31,522,425 20,618,469 42,426,381 3,467,467 2,268,032 4,666,902 11.0
15-Sep-94 42,001,613 32,295,370 51,707,856 1,176,045 904,270 1,447,820 2.8

27-Apr-95 36,474,225 27,905,810 45,042,640 9,920,989 7,590,380 12,251,598 27.2
17-Jun-95 6,468,308 5,750,950 7,185,666 556,274 494,581 617,967 8.6
27-Sep-95 51,569,925 33,921,070 69,218,780 1,443,958 949,790 1,938,126 2.8

28-Apr-96 11,564,550 8,102,485 15,026,615 0 na na 0.0
30-Jun-96 4,210,133 2,882,943 5,537,323 711,512 487,217 935,807 16.9
10-Sep-96 14,820,315 11,434,607 18,206,023 2,178,586 1,680,887 2,676,285 14.7

30-Apr-97 19,504,558 16,806,230 22,202,886 7,957,859 6,856,941 9,058,777 13.6
8-Jul-97 16,849,178 14,799,353 18,899,003 606,570 532,776 680,364 1.2

9-Sep-97 23,649,328 18,448,773 28,849,883 2,057,491 1,605,043 2,509,939 2.9
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Appendix M. 9. Townet catches from Karluk Lake, 1983-1988, 1990-1991, and 1994-
1997.

a Catch per unit effort

Catch by Species
Number Total Sockeye Stickleback

Date of Tows Minutes No. % CPUE No. % CPUE

12-Apr-83 5 140 16 10.7 0.11 134 89.3 0.96

20-Sep-84 4 100 88 6.3 0.88 1,316 93.7 13.16

2-Oct-85 4 175 28 11.0 0.16 228 89.0 1.30

7-Jul-86 11 330 1,332 17.0 4.04 6,503 83.0 19.71
15-Sep-86 23 690 930 9.0 1.35 9,403 91.0 13.63

19-Sep-87 14 420 120 13.0 0.29 803 87.0 1.91

15-Sep-88 9 270 219 14.0 0.81 1,345 86.0 4.98

10-Sep-90 3 60 90 0.3 1.50 188 0.7 3.13

25-Sep-91 8 160 83 21.3 0.52 307 78.7 1.92

20-Apr-94 11 204 4 11.0 0.02 32 89.0 0.16
15-Sep-94 8 130 169 2.8 1.30 5,968 97.2 45.91

27-Apr-95 11 165 25 27.2 0.15 67 72.8 0.41
21-Jun-95 11 165 13 8.6 0.08 139 91.4 0.84
28-Sep-95 9 139 127 2.8 0.91 4,389 97.2 31.58

28-Apr-96 10 130 0 27 100.0 0.21
28-Jun-96 9 135 33 16.9 0.24 162 83.1 1.20
10-Sep-96 7 105 81 14.7 0.77 470 85.3 4.48

30-Apr-97 10 115 6 13.6 0.05 38 86.4 0.33
8-Jul-97 9 135 4 1.2 0.03 334 98.8 2.47

9-Sep-97 10 130 19 2.9 0.15 644 97.1 4.95
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Appendix M.10. Mean age, length, weight, and condition coefficient by age for juvenile sockeye salmon captured by
townet at Karluk Lake, 1990-1991 and 1994-1997.

Length Weight Condition Length Weight Condition Length Weight Condition
Date n  (mm) (g) (K) n  (mm) (g) (K) n  (mm) (g) (K)

10-Sep-90 86 44 0.8 0.95 3 80 4.6 0.90 0

25-Sep-91 17 44 0.9 1.06 5 71 3.8 1.03 2 96 9.4 1.01

25-Sep-94 110 60 2.0 0.89 28 82 5.4 0.90 7 81 4.9 0.88

27-Apr-95 0 3 90 7.3 0.98 19 100 10.7 1.06
28-Sep-95 33 67 3.3 1.03 78 99 9.6 0.99 1 113 14.4 1.00

10-Sep-96 23 40 0.9 1.28 35 63 2.8 1.11 7 77 5.3 1.09

30-Apr-97 0 3 90 7.9 1.07 3 100 11.9 1.11
8-Jul-97 0 1 93 8.6 1.07 2 85 7.5 1.23
9-Sep-97 6 43 0.8 0.98 3 65 3.2 1.09 0

Age-0 Age-1 Age-2
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Appendix M.11. Age compositions and population estimates of sockeye salmon smolt
emigrating from Karluk Lake, 1961-1968, 1980-1984, 1991-1992,
and 1999-2001.

a na - data was not available to determine confidence intervals.

Age Total #
Year 0 1 2 3 4 of Smolt Low High

1961 Percent 0.4 8.0 85.2 6.4 0.0
Number 6,419 134,811 1,444,399 109,132 0 1,694,761 na na

1962 Percent 0 1.3 70.4 28.3 0.0
Number 0 18,653 1,010,144 406,067 0 1,434,864 na na

1963 Percent 0.0 0.2 46.1 53.7 0.0
Number 0 3,079 709,755 826,765 0 1,539,599 na na

1964 Percent 0.0 0.0 24.7 73.8 1.5
Number 0 0 385,593 1,152,095 23,417 1,561,105 na na

1965 Percent 0.0 0.0 48.8 49.9 1.3
Number 0 0 717,022 733,184 19,101 1,469,307 na na

1966 Percent 0.0 0.0 61.2 36.9 1.9
Number 0 0 661,593 398,519 20,838 1,080,950 na na

1967 Percent 0.0 15.0 83.5 1.5 0.0
Number 0 203,736 1,134,127 20,374 0 1,358,237 na na

1968 Percent 0.0 4.7 61.8 33.5 0.0
Number 0 171,158 2,250,549 1,219,958 0 3,641,665 na na

1980 Percent 0.0 29.3 62.9 7.8 0.0
Number 0 494,500 1,060,800 131,200 0 1,686,500 na na

1981 Percent 0.0 10.8 76.5 12.8 0.0
Number 0 219,500 1,561,300 260,900 0 2,041,700 na na

1982 Percent 0.0 1.7 85.1 13.2 0.0
Number 0 14,000 698,800 108,400 0 821,200 na na

1983 Percent 0.0 1.4 83.0 15.6 0.0
Number 0 13,000 781,000 147,000 0 941,000 na na

1984 Percent 0.0 6.9 79.8 13.3 0.0
Number 0 74,000 857,000 143,000 0 1,074,000 na na

1991 Percent 0.0 2.6 57.8 39.6 0.0
Number 0 108,123 2,392,324 1,640,374 0 4,140,821 2,809,914 5,471,727

1992 Percent 0.0 0.8 58.4 40.5 0.3
Number 0 28,189 2,039,222 1,415,788 10,797 3,493,996 2,780,674 4,207,319

1999 Percent 0.0 3.3 49.8 45.7 1.2
Number 0 35,196 531,134 487,406 12,798 1,066,534 717,152 1,415,915

2000 Percent 0.0 13.0 77.2 21.5 0.0
Number 0 9,441 1,263,785 402,919 0 1,676,502 1,328,451 2,024,553

2001 Percent 0.1 6.4 81.9 11.7 0.0
Number 2,835 238,338 3,062,548 436,468 80 3,740,268 3,136,398 4,344,111

95% C.I.
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Appendix M.12. Summary of mean length and weight by age class of Karluk Lake sockeye salmon smolt samples, 1925-
1936, 1961-1968, and 1979-2001.

-Continued-

Length Weight Condition Length Weight Condition Length Weight Condition Length Weight Condition
Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)
1925 3 113 na na 563 136 22.8 0.91 84 145 28.5 0.93 0
1926 5 100 na na 445 136 22.9 0.91 156 144 28.5 0.95 3 164 na na
1927 5 116 na na 212 134 21.2 0.88 144 147 27.3 0.86 0
1928 6 111 na na 494 128 19.9 0.95 225 141 28.4 1.01 4 151 na na
1929 0 418 130 20.0 0.91 603 143 25.2 0.86 12 155 na na
1930 24 110 na na 1,145 127 18.5 0.90 625 137 25.0 0.97 20 143 na na
1931 16 111 na na 1,795 130 20.0 0.91 247 138 26.8 1.02 14 145 na na
1932 16 105 na na 1,358 133 20.9 0.89 634 139 29.5 1.10 20 146 na na
1933 43 114 na na 685 136 23.9 0.95 521 144 29.6 0.99 23 147 na na
1934 7 123 na na 822 140 24.8 0.90 75 148 33.3 1.03 6 161 na na
1935 16 113 na na 1,520 142 26.3 0.92 286 152 26.6 0.76 2 146 na na
1936 60 111 na na 744 133 21.3 0.91 233 143 18.2 0.62 9 151 na na

1961 na 110 13.1 0.98 na 115 13.7 0.90 na 124 16.6 0.87 0
1962 na 108 11.3 0.90 na 113 12.4 0.86 na 123 15.8 0.85 0
1963 na 110 14.5 1.09 na 119 14.6 0.87 na 129 18.5 0.86 0
1964 0 na 128 21.0 1.00 na 136 24.1 0.96 na 149 33.7 1.02
1965 0 na 127 19.1 0.93 na 142 26.7 0.93 na 145 28.7 0.94
1966 0 na 115 13.2 0.87 na 131 18.9 0.84 na 137 21.4 0.83
1967 na 102 10.7 1.01 na 113 13.8 0.96 na 133 23.1 0.98 0
1968 na 104 9.9 0.88 na 113 12.4 0.86 na 124 15.3 0.80 0

1979 66 112 14.8 1.07 201 120 18.5 1.07 11 147 29.1 0.91 0
1980 300 97 8.3 0.90 496 103 9.4 0.87 80 113 11.7 0.80 0
1981 77 96 9.4 1.05 600 111 13.4 0.97 83 119 16.2 0.95 0
1982 8 104 10.8 0.96 413 119 15.1 0.90 64 132 20.2 0.88 0
1983 17 101 9.5 0.92 1,014 117 14.2 0.89 149 132 19.9 0.87 0
1984 165 108 11.5 0.91 670 117 13.9 0.87 63 130 19.3 0.88 0
1985 227 103 10.1 0.92 541 111 12.1 0.87 37 123 16.4 0.87 0

Age-4Age-1 Age-2 Age-3
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Appendix M.12 (page 2 of 2)

na - not available
a In addition to the 2001 listed ages, there were 12 Age 0.0 smolt samples which made up 0.5% of the total sample size.

Length Weight Condition Length Weight Condition Length Weight Condition Length Weight Condition
Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)
1986 426 85 6.2 1.01 1,184 111 13.0 0.95 28 118 14.7 0.90 0
1987 43 95 7.4 0.82 1,776 106 10.4 0.86 316 121 15.6 0.86 0
1988 8 82 4.9 0.84 800 103 9.4 0.86 10 118 11.9 0.82 0
1989 5 92 6.7 0.84 828 103 9.6 0.86 149 116 13.4 0.85 0
1990 30 96 7.8 0.85 270 101 8.7 0.82 709 114 12.2 0.82 1 121 14.4 0.81
1991 166 100 8.7 0.84 1,584 110 11.3 0.84 654 121 15.0 0.84 0

1992 59 101 8.8 0.83 1,340 106 9.8 0.82 565 117 13.4 0.83 4 127 18.0 0.87
1993
1994 1 110 12.0 0.90 167 112 11.1 0.79 129 119 13.4 0.79 0
1995 7 105 9.5 0.82 79 113 12.3 0.83 2 122 16.1 0.89 0
1996
1997 0 157 112 13.0 0.92 83 114 13.4 0.91 1 109 12.3 0.95
1998
1999 40 90 6.2 0.78 598 116 13.2 0.84 549 125 16.5 0.83 15 132 18.9 0.81
2000 16 98.0 8.5 0.87 963 120 15.0 0.86 268 131 19.7 0.86 0
2001a 459 103.0 9.6 0.86 1,565 118 14.4 0.86 313 139 23.4 0.87 1 140 23.7 0.86

Age-1 Age-2 Age-3 Age-4
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Appendix N.1. Morphometric map showing the limnology and zooplankton stations on Saltery
Lake.
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Appendix N.2. Limnological sampling stations and total samples
collected for Saltery Lake, 1994-2001.

Sampling Total
Year Stations Samples

1994 1,2 4

1995 1,2 4

1996 1,2 4

1997 1,2 5

1998 1 4

1999 1 4

2000 1 4

2001 1 4
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Appendix N.3. Summary of seasonal mean water chemistry parameters by station and depth for Saltery Lake, 1994 and 1997.

SD - standard deviation
na - parameters were not analyzed.

Sta Depth  Sp. Conductivity         pH    Alkalinity   Turbidity         Color   Calcium Magnesium        Iron
Year tion (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD

1994 1 1 64.3 20.6 6.7 0.3 18.0 2.0 2.3 1.6 8.0 6.1 6.3 3.0 0.6 0.2 94.8 54.7

1 33 65.3 18.0 6.6 0.3 18.0 0.8 5.0 1.8 5.0 2.7 8.0 0.1 0.7 0.5 185.0 32.2

1997 1 1 52.8 3.3 7.2 0.1 19.6 0.6 3.5 2.3 7.2 5.0 6.3 0.2 0.7 0.3 52.4 17.2

1 34 60.4 2.1 6.8 0.2 22.4 1.4 5.4 2.7 4.2 0.4 7.2 0.5 0.5 0.2 41.0 21.9
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Appendix N.4. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Saltery Lake, 1994 and
1997.

SD - standard deviation
na - parameters were not analyzed.

   Total     Total Filterable Total Nitrate + Reactive Organic Chloro- Phaeo-
Sta Depth Phosphorus  filterable-P  reactive-P Kjeldahl-N Ammonia nitrite silicon  carbon phyll a phytin a

Year tion (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1994 1 1 7 1.3 4 3.2 3 3.4 100 45 5 4.6 124 91.5 2,104 661.4 151 78.6 1.38 1.3 0.33 0.0

1 2 na na na na na na na na na na na na na na na na 1.67 1.3 0.35 0.2
1 33 11 2.7 4 2.2 3 1.7 70 9 9 3.1 221 22.6 2,075 92.7 149 40.7 1.00 0.1 0.44 0.1

1997 1 1 9 4.6 4 2.2 4 2.3 75 22 3 2.7 71 56.5 1,767 190.9 195 68.4 1.65 0.8 0.90 0.4
1 2 na na na na na na na na na na na na na na na na 1.59 0.8 0.98 0.5
1 34 10 1.4 3 1.3 2 0.8 90 32 12 16.3 192 36.3 2,161 270.9 207 132.3 0.97 1.0 0.60 0.3
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Appendix N.5. Weighted mean zooplankton density, biomass, and size by genera for Saltery Lake, 1994-2001.

No. of Diaptomus Cyclops Bosmina Daphnia Holopedium TOTALS
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates (no/m2) (mg/m2) mm (no/m2) (mg/m2) mm (no/m2) (mg/m2) mm (no/m2) (mg/m2) mm (no/m2) (mg/m2) mm (no/m2) (mg/m2)

1994 4 53 0.0 0.85 119,169 261.6 0.79 9,329 13.7 0.40 6,469 20.0 0.81 106 0.0 135,126 295.3

1995 4 358,887 950.0 0.86 23,620 44.2 0.45 27,535 58.3 0.70 410,041 1,052.6

1996 4 29,578 64.2 0.79 17,436 21.1 0.36 97,213 141.4 0.59 144,228 226.7

1997 5 64 0.5 1.20 124,140 327.0 0.86 61,083 100.3 0.42 44,289 79.9 0.64 21 0.1 0.52 229,596 507.7

1998 4 157,135 350.2 0.79 14,993 23.1 0.39 40,896 85.8 0.72 213,024 459.1

1999 4 929 8.2 1.29 203,291 400.0 0.75 11,385 17.6 0.40 27,442 60.9 0.71 29,591 160.5 0.73 272,638 647.2

2000 4 149 1.1 1.40 127,488 175.5 0.64 11,395 17.7 0.42 20,203 31.7 0.61 0 159,235 226.0

2001 4 133 0.8 1.11 7,580 20.0 0.96 365 0.4 0.40 1,360 2.1 0.69 0 9,438 23.2



287

Appendix N.6. Weighted mean zooplankton biomass by genera for Saltery Lake, 1994-2001.
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Appendix N.7. Juvenile sockeye salmon estimates based on fall townet catch species composition and hydroacoustic
fish population estimates for Saltery Lake, 1997-1999.

a Tow net surveys were not conducted to determine sockeye estimates.

               Total Fish Estimates                   Sockeye Estimates Sockeye
95%  Confidence Interval 95%  Confidence Interval Composition

Date Number Low High Number Low High (%)

16-Sep-97 458,696 382,513 534,879 456,403 380,601 532,205 99.5

16-Sep-98 686,598 611,227 761,969 680,419 609,690 751,148 99.1

07-Oct-99 532,642 407,292 657,992 0a
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Appendix N.8. Townet catches from Saltery Lake, 1997-1998.

     Catch by Species
Number Total Sockeye Stickleback

Date of Tows Minutes Number % CPUE Number % CPUE

16-Sep-97 4 43 215 99.5 5.00 1 0.5 0.02

16-Sep-98 2 27 229 99.1 8.50 2 0.9 0.07
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Appendix N.9. Mean length, weight, and condition coefficient by age of juvenile sockeye salmon captured by townet
at Saltery Lake, 1997-1999.

Age-0 Age-1 Age-2
Length Weight Condition Length Weight Condition Length Weight Condition

Date n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

16-Sep-97 25 39.0 0.6 1.04 131 42.6 0.9 1.04 10 67.4 3.5 1.12

16-Sep-98 10 49.7 1.4 1.09 198 56.8 2.0 1.08 2 56.0 1.9 1.07

7-Oct-99 13 44.0 1.0 1.14 0 0
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Appendix N.10. Mean length, weight, and condition coefficient of Saltery Lake sockeye salmon smolt samples by age, 1997 and
2000-2001.

Age-0 Age-1 Age-2 Age-3
Sampling Length Weight Condition Length Weight Condition Length Weight Condition Length Weight Condition

Time Period n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

May 17-23, 1997 0 0 2 83.0 4.1 0.71 4 87.5 5.2 0.77

May 24- June 13, 2000 2 70.5 3.5 1.00 31 70.5 3.3 0.94 2 71.0 3.3 0.93 0

June 14-20, 2001 0 6 63.0 2.1 0.81 6 69.0 3.1 0.89 0
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Appendix N.11.  Estimated age composition of the Saltery Lake sockeye salmon escapement, 1995-2001.

Note: Age composition estimates are collected from a portion of the escapement and do not represent ages for the total run.
a  In 2001, 328 (0.9%) of the escapement were aged 3.4.

Sample            Ages
Year Size 0.2 0.3 1.1 1.2 1.3 2.1 2.2 1.4 2.3 2.4 3.1 3.2 3.3 Total

1995 437 Numbers 0 300 0 702 36,027 0 3,212 300 3,311 0 0 0 0 43,856
Percent 0.0 0.7 0.0 1.6 82.1 0.0 7.3 0.7 7.5 0.0 0.0 0.0 0.0 100.0

1996 418 Numbers 0 0 0 1,020 10,699 0 1,530 254 21,989 0 0 0 0 35,488
Percent 0.0 0.0 0.0 2.9 30.1 0.0 4.3 0.7 62.0 0.0 0.0 0.0 0.0 100.0

1997 316 Numbers 0 68 68 608 4,596 203 3,378 135 11,962 0 0 203 135 21,355
Percent 0.0 0.3 0.3 2.8 21.5 1.0 15.8 0.6 56.0 0.0 0.0 1.0 0.6 100.0

1998 337 Numbers 158 79 394 8,877 4,832 1,182 5,384 0 4,754 0 473 263 158 26,263
Percent 0.6 0.3 1.5 33.8 18.4 4.5 20.5 0.0 18.1 0.0 1.8 1.0 0.6 100.0

1999 362 Numbers 0 66 0 1,233 4,131 0 11,180 0 3,039 0 0 3,832 0 23,481
Percent 0.0 0.3 0.0 5.3 17.6 0.0 47.6 0.0 12.9 0.0 0.0 16.3 0.0 100.0

2000 294 Numbers 0 0 0 2,827 3,238 0 5,883 0 15,186 0 0 0 18,105 45,604
Percent 0.0 0.0 0.0 6.2 7.1 0.0 12.9 0.0 33.3 0.0 0.0 0.0 39.7 99.2

2001a 218 Numbers 0 451 263 1,089 20,463 0 7,021 0 7,509 413 0 0 0 37,547
Percent 0.0 1.2 0.7 2.9 54.5 0.0 18.7 0.0 20.0 1.1 0.0 0.0 0.0 99.1
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Appendix O.2. Limnological sampling stations and total samples
collected for Akalura Lake, 1986-1996.

Sampling Total
Year Stations Samples
1986 3 2
1987 1 5
1988 1 3
1989 1 4
1990 2 6
1991 2 6
1992 2 6
1993 2 5
1994 3 5
1995 3 6
1996 2 4
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Appendix O.3. Summary of seasonal mean water chemistry parameters by station and depth for Akalura Lake, 1990-1991 and
1993-1996.

SD - standard deviation
na - parameters were not analyzed.

Depth
Year Station (m) (umhos cm-1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 1 1 60 2.0 7.2 0.2 14.8 1.1 1.0 0.3 7.0 2.1 4.9 0.5 1.5 0.5 136.2 53.0

1 16 60 2.8 6.9 0.3 16.0 1.5 2.2 1.2 8.5 2.4 5.1 0.9 1.5 0.9 381.8 449.6
2 1 59 1.6 7.1 0.2 15.0 0.8 1.0 0.4 6.6 2.4 5.6 2.7 1.2 0.6 435.4 757.8
2 15 58 4.1 6.8 0.2 15.8 1.5 1.6 0.3 7.0 2.9 4.8 0.5 1.5 0.2 288.2 338.5

1991 1 1 58 1.8 7.1 0.1 13.9 2.2 1.7 1.4 5.5 1.4 4.8 0.7 1.5 0.7 66.7 33.4
1 16 59 2.2 6.9 0.2 14.3 2.1 1.4 0.5 6.8 2.8 5.1 0.8 1.1 0.7 102.6 172.6
2 1 58 1.3 7.1 0.1 14.2 1.9 1.3 0.5 8.7 3.4 5.0 0.8 1.2 0.6 61.0 34.6
2 15 58 2.8 6.9 0.2 14.4 2.0 1.3 0.5 6.7 2.9 4.6 0.5 1.6 0.4 91.6 216.4

1993 1 1 59 0.0 6.8 0.1 14.9 0.2 1.2 0.5 7.4 7.4 4.8 0.1 1.6 0.2 52.4 15.8
1 16 61 2.3 6.6 0.2 15.7 1.2 1.8 0.8 5.0 2.7 4.6 0.5 1.6 0.2 300.8 289.9
2 1 60 2.3 6.9 0.1 15.0 0.4 1.5 0.4 5.6 3.6 4.7 0.6 1.5 0.2 90.4 45.5
2 13 61 2.3 6.6 0.2 15.0 0.7 1.6 0.3 4.4 2.2 4.9 0.1 1.5 0.2 244.6 241.3

1994 1 1 59 2.3 6.9 0.1 14.3 0.5 3.5 2.9 5.5 1.0 5.0 0.1 1.3 0.4 77.0 15.1
1 16 61 2.3 6.8 0.3 14.8 0.8 2.2 0.8 7.6 3.6 5.0 0.1 1.3 0.4 470.0 461.7
2 1 59 2.3 7.0 0.1 14.3 0.7 4.5 4.8 5.0 2.2 4.8 0.4 1.3 0.4 109.0 69.1
2 14 60 2.3 6.7 0.3 14.4 0.9 2.2 0.9 6.6 1.8 5.0 0.1 1.3 0.4 225.0 147.3

1995 1 1 59 2.3 6.9 0.2 15.2 0.6 1.6 0.6 4.3 1.2 4.7 0.3 1.4 0.6 113.0 36.2
1 15 60 2.3 6.8 0.3 15.6 0.8 1.5 0.5 6.5 3.7 4.4 0.4 1.4 0.6 185.7 103.5
2 1 60 2.3 6.8 0.3 15.0 0.9 1.8 0.7 6.0 2.6 4.6 0.2 1.4 0.6 240.2 311.6
2 15 60 2.3 6.7 0.3 15.2 0.8 1.8 0.9 6.2 2.5 4.6 0.2 1.2 0.3 277.7 197.8

1996 1 1 59 2.3 7.2 0.4 16.9 1.2 0.9 0.2 5.3 0.6 na na 1.5 0.4 53.7 26.5
1 15 59 2.3 6.9 0.4 16.7 1.1 1.3 0.3 7.7 1.5 4.5 0.1 1.5 0.4 232.7 50.8
2 1 60 2.3 7.0 0.2 16.5 0.7 1.0 0.4 9.3 4.7 4.5 0.1 1.4 0.3 93.5 21.1
2 14 59 2.3 6.9 0.2 16.5 1.2 1.3 0.3 6.7 1.0 4.5 0.1 1.5 0.3 150.7 42.6

Sp. Conductivity pH Alkalinity Turbidity Color Calcium Magnesium Iron
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Appendix O.4. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Akalura Lake,
1990-1991 and 1993-1996.

SD - standard deviation
na - parameters were not analyzed.

Total     Nitrate Reactive
Depth

Year Station (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1990 1 1 11.4 3.2 3.2 1.5 1.5 0.4 173.7 28.9 15.6 21.4 29.7 26.8 441 244.7 469 43.9 3.93 1.8 1.40 0.5

1 16 15.0 3.9 4.5 1.1 2.1 0.9 278.7 106.1 86.8 109.4 35.3 15.5 576 433.6 647 289.5 3.01 2.4 1.50 0.5
2 1 11.3 2.2 3.6 2.3 1.4 1.1 159.1 19.7 15.9 20.1 21.3 19.6 316 198.0 401 83.7 4.32 1.7 1.41 0.5
2 15 13.7 3.3 3.6 2.8 1.6 0.6 261.6 93.0 101.1 96.4 29.3 4.1 535 291.5 456 167.9 3.56 3.8 1.38 0.4

1991 1 1 11.8 1.6 3.9 0.7 1.5 0.7 160.8 23.2 11.5 12.2 19.8 26.8 285 252.3 na na 5.07 5.1 1.32 1.5
1 16 13.2 3.1 4.3 1.2 1.9 1.2 166.1 32.4 38.5 27.3 36.6 29.0 427 311.3 na na 4.35 3.3 1.50 0.8
2 1 11.9 3.1 5.7 6.8 3.2 3.7 157.9 16.7 12.6 12.4 18.6 26.5 284 244.4 na na 3.61 2.2 1.54 0.9
2 15 13.7 4.5 4.5 1.3 2.0 1.3 165.5 38.6 26.9 37.4 36.0 30.0 426 351.3 na na 4.19 3.3 1.26 0.4

1993 1 1 14.1 3.0 7.1 4.0 4.8 4.3 195.0 16.2 9.9 14.0 8.6 13.1 656 400.9 365 80.3 5.18 2.5 0.80 0.5
1 16 20.0 7.6 5.9 2.2 3.2 1.3 235.2 56.7 51.3 46.9 16.7 17.2 880 581.6 367 107.9 4.41 4.1 1.13 0.5
2 1 14.1 3.5 6.2 3.4 3.3 2.1 196.7 20.7 9.0 13.9 8.1 12.0 615 429.4 377 87.9 4.67 1.9 1.10 0.7
2 13 17.7 6.3 5.0 1.8 2.7 1.4 214.2 49.3 42.2 41.0 17.4 16.9 984 525.3 336 134.5 4.07 3.4 0.92 0.6

1994 1 1 15.5 6.9 3.9 1.9 2.9 1.4 294.0 123.3 25.8 43.7 14.8 21.6 911 360.2 601 426.4 6.18 5.8 0.61 0.4
1 2 na na na na na na na na na na na na na na na na 5.72 4.7 0.57 0.4
1 16 24.2 15.4 6.5 4.4 4.2 2.8 285.8 109.9 95.1 69.9 37.2 27.4 1234 381.5 390 157.3 2.74 2.7 0.95 0.4
2 1 12.5 3.5 6.0 4.7 4.0 2.9 245.4 92.5 21.3 38.5 17.6 18.3 875 332.5 546 306.1 5.78 4.8 0.51 0.3
2 2 na na na na na na na na na na na na na na na na 5.54 4.1 0.58 0.4
2 14 16.1 4.2 4.7 1.8 3.5 1.2 238.5 38.6 55.4 34.2 42.7 49.0 1085 373.8 335 148.0 3.09 2.1 0.88 0.5

1995 1 1 11.9 3.2 4.1 0.6 1.4 0.5 165.4 16.4 13.4 8.9 38.6 35.3 525 334.3 312 111.7 5.15 3.1 1.41 0.7
1 2 na na na na na na na na na na na na na na na na 5.56 3.8 1.71 0.9
1 15 13.5 5.8 4.7 1.5 2.2 1.2 176.0 26.9 37.4 44.7 37.8 31.5 653 403.9 281 105.1 4.74 3.6 1.76 0.7
2 1 12.6 4.7 4.2 0.6 1.7 0.6 201.2 69.2 51.2 71.1 28.7 28.5 621 341.2 344 94.3 4.75 3.2 1.57 0.7
2 2 na na na na na na na na na na na na na na na na 5.42 3.6 1.59 0.8
2 15 11.4 2.8 4.5 1.2 2.1 0.7 180.2 28.6 59.2 31.5 35.5 30.2 688 334.9 274 94.7 4.62 3.4 1.46 0.4

1996 1 1 11.0 0.9 3.6 1.7 1.4 0.9 163.3 23.9 8.8 3.6 4.1 0.0 160 105.0 303 27.6 1.01 0.4 0.36 0.2
1 2 na na na na na na na na na na na na na na na na 0.73 0.2 0.30 0.1
1 15 14.6 7.2 3.6 1.6 1.4 1.7 197.4 65.5 53.4 50.6 2.8 2.3 408 310.3 279 64.2 0.98 0.3 0.54 0.1
2 1 10.0 3.6 6.0 3.5 2.9 2.7 167.9 23.5 19.3 8.8 4.1 0.6 305 241.9 281 64.6 0.82 1.1 0.32 0.1
2 2 na na na na na na na na na na na na na na na na 1.37 1.1 0.35 0.2
2 14 11.7 2.2 2.8 0.7 0.3 0.3 171.2 24.7 25.2 13.9 4.1 0.6 298 265.8 288 130.3 1.62 1.0 0.57 0.2

Organic
Total-P filterable-P   reactive-P

Total Kjel-Filterable
Carbon Chlorophyll a Phaeophytin a-dahl nitrogen Ammonia + nitrite  silicon
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Appendix O.5. Weighted mean zooplankton density, biomass, and size by genera (stations 1, 2, & 3 averaged) for Akalura
Lake, 1986-1996.

No. of Epischura Eurytemora Cyclops Bosmina Chydorinae TOTALS
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2 mm no/m2 mg/m2

1986 2 7,528 43 1.11 73,470 302 0.84 2,505 3 0.60 48,424 39 0.30 0 0 0.00 131,927 387
1987 5 41,242 198 0.99 108,386 601 0.97 16,242 18 0.57 122,452 98 0.30 743 1 0.00 289,065 916
1988 3 25,035 97 0.95 45,471 204 0.85 7,741 10 0.63 59,934 42 0.28 0 0 0.00 138,181 353
1989 4 10,152 18 0.71 49,662 216 0.84 6,403 7 0.56 80,912 67 0.30 266 0 0.00 147,395 308
1990 6 4,282 33 1.21 51,522 235 0.87 6,847 8 0.59 79,977 65 0.30 792 1 0.26 143,419 341
1991 6 6,675 33 1.03 18,728 91 0.60 3,776 4 0.39 27,757 21 0.20 354 0.2 0.13 57,290 150
1992 6 4,472 13 0.92 10,642 57 0.94 4,370 7 0.67 8,338 7 0.31 314 1 0.36 28,136 84
1993 5 11,720 40 0.90 33,737 152 0.86 8,658 10 0.59 38,265 30 0.30 1,451 1 0.25 93,829 232
1994 5 16,723 75 1.00 23,298 119 0.92 6,702 6 0.53 76,037 57 0.29 0 0 0.00 122,760 257
1995 6 15,010 51 0.91 45,023 201 0.85 4,895 5 0.61 124,546 92 0.29 514 0 0.25 189,988 350

1996 3 15,444 52 0.93 13,483 70 0.95 7,774 10 0.61 82,523 64 0.29 743 0.6 0.29 119,967 195



298

Appendix O.6.  Weighted mean zooplankton biomass by genera for Akalura Lake, 1986-1996.
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Appendix O.7. Juvenile sockeye salmon estimates based on fall townet catch species composition and
hydroacoustic total fish population estimates for Akalura Lake, 1990-1991 and 1995.

Sockeye
Composition

Date Number Low High Number Low High (%)

29-Sep-90 3,950,101 3,155,384 4,744,818 209,355 167,287 251,424 5.3

5-Oct-91 3,171,881 2,631,498 3,712,264 41,234 39,013 43,456 1.3

14-Oct-95 3,637,001 2,834,510 4,439,492 461,899 359,267 564,531 12.7

Sockeye EstimatesTotal Fish Estimates
95% C. I. 95% C. I. 
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Appendix O.8.  Townet catches from Akalura Lake, 1990, 1991, and 1995.

a CPUE - Catch per unit effort

Tow Catch by Species
Total Sockeye Stickleback

Date No. Minutes No. % CPUEa No. % CPUEa

29-Sep-90 3 70 237 5.3 3.4 4,252 94.7 60.7

11-May-91 3 72 54 12.2 0.8 387 87.8 5.4

5-Oct-91 3 70 147 1.3 2.1 10,765 98.7 153.8

14-Oct-95 4 40 87 12.7 2.2 590 87.3 14.8
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Appendix O.9. Mean age, length, weight, and condition coefficient by age for juvenile sockeye salmon captured by
townet at Akalura Lake, 1991 and 1995.

a Preserved sockeye salmon captured 29 September 1990 spoiled prior to sampling for AWL.

Length Weight Condition Length Weight Condition Length Weight Condition
Datea n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

11-May-91 3 29.0 0.2 0.79 24 50.0 1.0 0.78 17 68 2.4 0.74

5-Oct-91 54 52.0 1.4 0.95 93 74.0 3.8 0.93 0

14-Oct-95 43 61.0 2.7 1.14 44 82.0 6.0 1.10 0

Age-0 Age-1 Age-2
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Appendix O.10. Age compositions and population estimates of sockeye salmon smolt emigrating from Akalura Lake,
1990-1997.

a  Estimates of  precision are not available.
Data obtained from Coggins and Sagalkin. 1999. Akalura Lake sockeye smolt restoration. RIR 4K99-64.

Age Population 
Year 0 1 2 3 4 Estimate Low High

1990 Percent 0.0 13.2 86.8 0.0 0.0
Number 0 60,107 394,652 0 0 454,759 343,243 566,275

1991 Percent 0.0 2.9 96.3 0.8 0.0
Number 0 8,172 270,867 2,181 0 281,220 234,688 327,752

1992 Percent 0.0 1.1 94.4 4.5 0.0
Number 21 2,173 180,557 8,561 0 191,313 169,560 213,066

1993 Percent 0.0 3.3 88.0 8.6 0.1
Number 0 2,150 57,512 5,624 80 65,366 51,443 79,289

1994 Percent 0.1 41.6 53.1 5.2 0.0
Number 128 71,495 91,296 8,996 0 171,915 153,159 190,671

1995 Percent 0.0 45.9 53.9 0.2 0.0
Number 0 60,654 71,187 268 0 132,110 113,806 150,414

1996 Percent 0.0 6.4 93.1 0.5 0.0
Number 0 15,639 228,766 1,416 0 245,821 naa naa

1997 Percent 0.1 7.8 92.1 0.0 0.0

Number 196 14,874 178,680 0 0 193,750 naa naa

95% Confidence Interval
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Appendix O.11. Akalura Lake sockeye salmon smolt emigration by age class, 1990-1997.

-Continued-

Statistical Statistical
Year Week Dates 0 1 2 3 Year Week Dates 0 1 2 3 4
1990 18 4/26-5/02 0 0 0 0 1991 18 4/26-5/02 0 0 0 0 0

19 5/03-5/09 0 0 0 0 19 5/08-5/09 0 491 9,281 0 0
20 5/13-5/16 0 1,951 230,326 0 20 5/10-5/16 0 7,461 205,521 0 0
21 5/17-5/23 0 1,822 137,769 0 21 5/17-5/23 0 509 64,210 663 0
22 5/24-5/30 0 9,473 18,837 0 22 5/24-5/30 0 22 794 11 0
23 5/31-6/06 0 38,072 19,431 0 23 5/31-6/06 0 12 1,399 65 0
24 6/07-6/13 0 7,540 3,258 0 24 6/07-6/13 0 415 13,170 400 0
25 6/14-6/20 0 8,877 1,230 0 25 6/14-6/20 0 64 1,254 0 0
26 6/21-6/27 0 2,253 0 0 26 6/21-6/27 0 74 3,640 98 0

27 6/28-7/01 0 39 324 13 0

Total 0 69,988 410,851 0 Total 0 9,087 299,593 1,250 0

1992 18 5/01-5/02 0 0 49 0 1993 18 4/26-5/02 0 0 0 0 0
19 5/03-5/09 0 0 48,780 3,157 19 5/03-5/09 0 0 2,516 968 0
20 5/10-5/16 0 1,378 93,065 4,512 20 5/10-5/16 0 0 3,848 2,633 0
21 5/17-5/23 0 313 9,865 303 21 5/17-5/23 0 2,384 20,387 6,796 238
22 5/24-5/30 0 74 16,786 239 22 5/24-5/30 0 143 31,988 1,865 0
23 5/31-6/06 0 74 12,175 103 23 5/31-6/06 0 301 11,601 43 0
24 6/07-6/13 0 49 2,387 0 24 6/07-6/13 0 283 2,287 10 0
25 6/14-6/20 0 34 170 0 25 6/14-6/20 0 148 435 0 0
26 6/21-6/27 0 0 21 0
27 6/28-7/01 0 0 7 0

Total 0 1,922 183,305 8,314 Total 0 3,259 73,062 12,315 238

Age Class Age Class
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Appendix O.11.  (page 2 of 2)

Statistical Statistical
Year Week Dates 0 1 2 3 Year Week Dates 0 1 2 3 4
1994 18 4/26-5/02 0 0 0 0 1995 18 4/26-5/02 0 0 0 0 0

19 5/03-5/09 0 7 583 292 19 5/03-5/09 0 100 4,577 66 0
20 5/10-5/16 0 13 567 278 20 5/10-5/16 0 795 19,820 199 0
21 5/17-5/23 0 13 457 137 21 5/17-5/23 0 1,078 10,280 0 0
22 5/24-5/30 0 221 14,377 2,436 22 5/24-5/30 0 2,426 12,524 0 0
23 5/31-6/06 0 12,529 57,339 3,832 23 5/31-6/06 0 6,607 17,110 0 0
24 6/07-6/13 0 39,051 16,253 166 24 6/07-6/13 0 38,896 6,184 0 0
25 6/14-6/20 90 14,065 776 0 25 6/14-6/20 0 12,499 0 0 0
26 6/21-6/27 0 6,573 114 0 26 6/21-6/27 0 957 0 0 0

Total 90 72,472 90,466 7,141 Total 0 63,358 70,495 265 0

1996 18 4/26-5/02 0 0 5 0 1997 18 4/26-5/02 0 0 21 0 0
19 5/03-5/09 0 895 43,356 128 19 5/03-5/09 0 238 53,536 0
20 5/10-5/16 0 4,294 114,231 1,288 20 5/10-5/16 0 1,681 71,003 0
21 5/17-5/23 0 624 20,657 0 21 5/17-5/23 0 656 26,352 0 0
22 5/24-5/30 0 3,468 34,214 0 22 5/24-5/30 0 7,648 26,572 0 0
23 5/31-6/06 0 2,842 15,810 0 23 5/31-6/06 151 2,918 981 0 0
24 6/07-6/13 0 3,017 487 0 24 6/07-6/13 32 1,223 202 0 0
25 6/14-6/20 0 498 6 0 25 6/14-6/20 11 434 11 0 0

26 6/21-6/27 2 76 2 0 0

Total 0 15,638 228,766 1,416 Total 196 14,874 178,680 0 0

Age Class Age Class
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Appendix O.12. Summary of mean length, weight, and condition coefficient by age class of Akalura Lake sockeye
salmon smolt samples, 1969-1977 and 1990-1997.

a In 1993, two sockeye salmon smolt age-4 averaged 101.5 mm., weighed 10.1 g., and a condition factor of 0.97.

Age-0 Age-1 Age-2 Age-3
Length Weight Condition Length Weight Condition Length Weight Condition Length Weight Condition

Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)
1969 575 80.0 4.2 0.82

1970 78 94.0 7.6 0.92 845 99.0 8.4 0.87

1971 541 77.0 3.8 0.83 82 96.0 7.3 0.83

1972 835 83.0 4.8 0.84 25 95.0 7.2 0.84

1973 485 90.0 6.7 0.92 466 98.0 8.6 0.91

1974 53 88.0 6.2 0.91 890 96.0 8.2 0.93

1975 106 78.0 3.9 0.82 611 92.0 6.4 0.82

1976 10 81.0 5.2 0.98 297 92.0 7.7 0.99

1977 2 75.0 4.2 1.00 462 94.0 7.3 0.88

1990 577 73.9 3.6 0.89 748 85.9 5.3 0.84

1991 41 77.2 4.3 0.93 1,382 77.5 4 0.86 22 97.3 8.9 0.97

1992 1 59.0 1.5 0.73 25 75.7 3.7 0.85 2,014 78.8 3.9 0.80 61 86.4 4.9 0.76

1993a 74 61.8 2.2 0.93 992 85.8 5.7 0.90 94 90.8 6.8 0.91

1994 2 73.0 3.4 0.87 721 87.5 6.1 0.91 763 93.1 7.3 0.90 146 95.8 7.7 0.88

1995 644 81.7 4.8 0.88 1,216 92.1 6.6 0.84 6 99 7.6 0.78

1996 400 82.6 4.8 0.85 1,451 91.0 6.2 0.82 4 97.5 7.5 0.81

1997 10 58.0 1.7 0.87 361 81.9 4.7 0.86 1,094 91.9 6.3 0.81
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Appendix P.1. Morphometric map showing the limnology and zooplankton stations on Red Lake.
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Appendix P.2. Limnological sampling stations and total
samples collected for Red Lake, 1990-1996.

Sampling Total
Year Stations Samples
1990 1,2 5
1991 1,2 6
1992 1,2 6
1993 1,2 6
1994 1-4 6
1995 1-4 6
1996 1-4 4
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Appendix P.3. Summary of seasonal mean water chemistry parameters by station and depth for Red Lake, 1990-1996.

SD - standard deviation

Specific
Depth    Conductivity         pH   Alkalinity   Turbidity       Color     Calcium Magnesium        Iron

Year Station (m) (umhos cm -1) SD (Units) SD (mg L-1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L-1) SD (ug L-1) SD
1990 1 1 56.0 9.1 7.2 0.3 14.7 2.8 0.7 0.6 7.6 5.9 7.9 5.8 3.7 5.3 18.7 7.2

1 32 60.4 7.3 7.0 0.4 15.9 0.9 0.7 0.4 4.0 1.4 8.1 7.2 1.6 0.6 60.6 64.1
2 1 54.2 15.3 7.3 0.2 16.3 1.1 0.6 0.4 3.8 1.8 6.8 4.2 1.6 0.6 36.3 24.1
2 34 60.8 1.1 7.0 0.1 15.9 1.2 1.3 1.6 4.8 2.3 7.9 5.4 1.5 0.5 75.0 72.6

1991 1 1 60.7 0.8 7.2 0.1 15.3 2.6 1.0 0.5 5.2 2.2 5.2 0.6 1.3 0.3 45.8 38.1
1 32 61.3 1.0 7.1 0.1 15.5 2.3 1.4 0.9 7.0 1.5 5.2 0.6 1.2 0.4 95.0 80.9
2 1 61.0 0.6 7.1 0.1 15.4 1.8 1.0 0.5 4.8 1.6 5.3 0.5 1.0 0.3 47.0 17.2
2 32 61.0 0.6 7.0 0.1 15.6 2.3 1.1 0.3 7.2 4.1 5.4 0.5 1.1 0.4 75.3 35.8

1992 1 1 60.0 0.6 7.0 0.1 15.0 0.3 0.7 0.4 4.2 0.8 5.2 0.7 1.3 0.6 22.0 5.7
1 35 60.0 1.8 6.8 0.3 14.8 0.4 0.8 0.4 3.8 0.8 5.2 0.8 1.5 0.6 68.8 79.3
2 1 58.8 1.8 7.0 0.1 14.9 0.2 0.9 0.7 4.2 0.8 5.3 0.8 1.7 0.5 18.0 5.7
2 34 60.0 2.5 6.8 0.3 14.9 0.5 0.7 0.3 5.0 3.1 4.9 1.0 1.7 0.7 117.8 149.9

1993 1 1 63.2 3.6 7.0 0.7 15.9 2.0 1.4 0.7 5.5 3.2 5.8 1.6 1.4 0.3 114.2 211.8
1 38 65.3 5.3 6.9 0.9 16.3 2.4 1.7 1.0 6.2 3.9 6.3 3.3 1.4 0.3 259.0 331.0
2 1 64.3 7.3 6.9 0.1 15.4 0.4 0.9 0.4 6.8 4.8 5.0 0.5 1.4 0.3 43.5 33.2
2 38 67.2 8.0 6.6 0.2 17.0 3.9 2.3 0.9 4.8 1.8 5.8 1.6 1.2 0.3 474.2 405.7

1994 1 1 62.2 2.1 6.9 0.3 15.0 1.5 0.8 0.3 5.0 3.6 5.3 0.5 1.1 0.3 37.8 22.9
1 38 63.0 1.7 6.6 0.4 15.7 0.8 1.7 0.6 5.3 2.1 5.1 0.4 1.6 0.6 388.3 336.7
2 1 62.3 0.8 6.8 0.3 15.8 0.8 1.0 0.6 3.8 1.2 5.3 0.5 1.2 0.3 43.5 22.0
2 37 66.5 5.0 6.7 0.5 16.8 2.2 2.0 0.7 3.7 1.4 5.3 0.5 1.4 0.6 481.3 477.6

1995 1 1 59.2 9.7 7.0 0.2 16.8 1.6 0.8 0.3 3.6 1.3 5.3 1.5 1.3 0.2 35.5 10.9
1 37 64.0 3.4 6.5 0.4 16.3 2.1 1.7 0.6 4.8 3.6 4.9 0.6 1.6 0.5 397.2 314.0
2 1 61.2 0.8 7.0 0.1 16.0 0.3 0.9 0.4 6.0 4.6 4.9 0.5 1.4 0.6 31.8 22.9
2 37 62.6 0.5 6.5 0.3 15.8 0.8 1.9 0.9 4.8 2.4 4.9 0.3 1.8 0.6 540.6 493.1

1996 1 1 60.3 4.7 7.1 0.5 17.0 0.9 0.6 0.1 4.7 1.5 4.5 0.1 1.6 1.3 22.0 11.8
1 37 61.0 3.6 6.9 0.6 16.9 0.6 0.8 0.2 4.5 2.1 4.5 0.1 1.1 0.3 107.3 109.3
2 1 48.0 21.9 7.2 0.6 13.2 5.5 0.9 0.5 5.0 2.6 3.9 1.0 0.9 0.6 23.3 23.4
2 34 61.3 4.0 6.8 0.6 16.2 0.6 1.1 0.3 5.0 1.0 4.5 0.1 1.1 0.3 157.7 139.0
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Appendix P.4. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Red Lake, 1990-
1996.

SD - standard deviation

Total filter- Filterable  Total Kjel-      Nitrate+       Reactive      Organic Chloro-
Sta Depth     Total-P     able-P reactive-P dahl nitrogen    Ammonia       nitrite        silicon      carbon phyll a

Year tion (m) (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L -1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD (ug L-1) SD
1990 1 1 10.1 4.2 6.0 2.9 3.3 3.7 129.8 28.4 4.0 0.7 50.9 18.2 227.3 146.8 265.4 117.3 1.77 1.0 2.59 4.2

1 32 16.6 2.6 7.7 5.9 3.5 5.2 148.8 49.6 25.5 25.1 102.4 70.8 314.3 342.4 213.2 130.3 1.76 1.6 1.07 0.4
2 1 10.6 4.3 4.0 0.7 0.8 0.1 132.8 26.9 4.2 1.9 55.2 12.2 167.0 147.9 243.6 92.8 2.74 1.6 1.18 0.7
2 34 26.1 15.9 6.6 3.1 1.6 1.0 180.7 72.1 29.1 30.1 82.4 53.5 323.8 242.1 247.2 171.8 2.06 2.5 1.81 2.0

1991 1 1 13.8 11.4 8.0 7.6 4.7 8.2 112.7 28.5 13.3 5.1 21.0 27.1 122.8 141.7 169.8 96.3 2.06 1.3 1.18 1.0
1 32 32.2 25.6 13.7 11.0 10.4 11.1 152.6 55.7 22.2 14.0 50.5 62.6 196.6 210.2 253.2 177.5 3.70 3.1 3.17 5.8
2 1 12.8 3.7 7.5 7.2 4.3 7.2 116.5 6.2 11.3 3.7 25.8 29.6 96.2 113.6 223.5 110.2 2.57 1.0 0.97 0.7
2 32 18.2 12.1 11.1 8.2 8.3 7.7 114.1 17.5 20.2 13.2 45.9 45.8 413.4 460.7 203.2 102.3 2.59 1.7 1.40 1.2

1992 1 1 14.1 5.0 6.4 4.3 3.2 4.5 130.9 19.3 7.4 3.0 24.6 16.3 208.6 67.8 1.6 1.0 1.17 0.6 1.17 0.6
1 35 33.4 26.7 17.1 15.1 14.0 14.9 138.0 29.5 17.0 15.3 80.3 65.7 338.0 225.8 1.0 0.9 1.06 0.5 1.06 0.5
2 1 15.7 6.3 6.1 4.8 2.9 4.5 134.8 28.7 6.8 2.4 20.0 23.2 214.8 94.9 2.1 1.0 1.22 0.8 1.22 0.8
2 34 43.1 39.7 23.1 22.8 19.1 21.1 159.6 33.3 31.0 35.0 69.2 73.7 394.6 275.5 1.1 1.2 1.25 0.6 1.25 0.6

1993 1 1 23.5 14.0 12.9 8.7 8.4 7.7 160.9 32.6 21.7 26.4 71.2 81.5 274.2 214.1 282.3 121.1 3.38 1.0 1.51 0.9
1 38 49.3 45.7 22.9 17.5 19.8 18.8 157.7 43.6 25.9 27.9 84.6 83.0 492.0 451.5 231.8 51.3 1.99 1.5 1.13 0.8
2 1 15.2 8.6 11.5 7.4 8.2 8.3 136.7 32.9 8.5 5.1 87.5 84.4 229.5 197.4 210.8 66.8 2.48 1.1 1.26 0.7
2 38 68.7 53.7 25.2 16.7 22.2 16.7 184.2 64.9 41.3 49.1 58.4 51.8 589.5 415.0 325.7 82.7 3.36 3.2 2.46 1.6

1994 1 1 17.8 9.3 8.4 4.7 4.7 4.8 167.3 47.1 6.3 6.0 15.8 18.4 151.0 97.5 279.7 110.3 3.43 2.0 0.53 0.4
1 38 66.9 44.9 27.9 20.9 24.4 21.2 224.2 98.3 46.9 54.3 64.0 70.4 394.3 329.9 319.0 139.9 2.53 3.0 0.47 0.3
2 1 15.7 9.6 8.1 5.5 4.3 5.3 157.2 31.8 6.4 6.6 17.0 19.3 142.5 92.8 266.8 58.0 3.94 2.7 0.61 0.5
2 37 72.4 55.1 24.9 17.4 23.0 18.5 228.5 72.6 53.8 62.4 61.2 70.2 399.0 360.8 364.7 97.5 3.29 3.5 0.76 0.4

1995 1 1 9.3 5.0 5.7 2.2 2.4 2.5 139.6 25.1 2.0 0.8 13.3 14.4 212.6 164.4 249.8 26.5 3.52 1.5 0.89 0.3
1 37 106.9 106.1 42.4 34.4 37.5 34.0 171.6 69.7 64.6 60.8 110.4 106.2 718.0 574.0 270.0 na 0.95 1.1 1.16 0.2
2 1 9.7 2.8 5.6 2.6 2.3 2.3 127.8 11.6 3.9 3.0 12.8 17.5 173.2 160.1 245.2 52.9 3.30 1.6 0.86 0.3
2 37 136.7 134.8 53.2 49.7 48.3 47.8 209.4 90.0 78.0 72.3 105.7 99.6 738.0 580.8 248.0 na 1.04 1.1 1.31 0.4

1996 1 1 13.2 1.2 6.4 0.4 2.0 0.3 159.0 23.4 8.6 7.0 4.1 0.0 128.3 55.8 262.7 42.8 0.71 0.1 0.30 0.1
1 37 36.0 21.9 22.5 13.6 20.1 13.4 158.5 24.1 29.6 20.9 72.0 100.2 293.7 300.7 238.7 108.3 0.44 0.3 0.38 0.0
2 1 14.2 1.3 5.5 1.7 1.8 1.3 162.7 43.0 7.8 3.6 4.1 0.0 80.3 72.6 268.3 88.7 0.70 0.3 0.34 0.2
2 34 50.4 37.0 16.5 12.8 14.7 13.5 191.5 41.8 33.7 13.3 53.3 85.7 355.7 414.0 344.7 129.5 0.51 0.3 0.43 0.1

 phytin a
 Phaeo-
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Appendix P.5.  Weighted mean zooplankton density, biomass, and size by genera for Red Lake, 1986 and 1990-1996.

Stations Number Diaptomus Cyclops Bosmina Daphnia Epischura TOTALS

1-4 Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2) (mm) (no/m2) (mg/m2)

1986 1 70,470 483 1.20 151,979 628 1.06 140,941 361 0.54 64,528 244 0.93 427,917 1,715

1990 5 70,674 222 0.91 303,026 715 0.79 55,573 54 0.34 11,519 19 0.63 440,791 1,010

1991 6 23,587 98 1.00 115,139 198 0.83 57,946 80 0.42 40,364 59 0.64 646 1 0.59 237,681 435

1992 6 85,612 393 1.09 516,432 1,828 1.00 113,279 202 0.46 57,281 132 0.79 772,603 2,554

1993 6 74,642 247 0.90 256,878 558 0.78 92,954 129 0.41 68,471 117 0.70 492,945 1,050

1994 6 60,548 235 0.98 218,190 461 0.73 51,818 63 0.41 15,303 25 0.62 345,857 784

1995 6 124,513 421 0.96 609,950 1,941 0.88 239,584 404 0.45 128,517 265 0.68 1,102,564 3,030

1996 4 48,636 197 0.97 289,777 1,001 0.92 61,837 115 0.46 36,986 78 0.69 437,237 1,392
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Appendix P.6.  Weighted mean zooplankton biomass by genera for Red Lake, 1986 and 1990-1996.
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Appendix P.7. Juvenile sockeye salmon estimates based on fall tow net catch species composition and hydroacoustic fish
population estimates for Red Lake, 1990-1991.

Source:  (Honnold 1993)

                      Total Fish Estimates                       Sockeye Estimates Sockeye
95% Confidence Interval 95% Confidence Interval Composition

Date Number Low High Number Low High (%)

30-Sep-90 7,227,742 6,079,520 8,375,964 101,188 85,188 117,189 1.4

5-Oct-91 9,430,782 10,131,244 12,334,284 631,862 437,083 826,641 6.7
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Appendix P.8.  Townet catches from Red Lake, 1990-1994.

nd - no data
Source:  (Honnold 1993)

Tow Catch by Species
Sockeye Stickleback

Date No. Min. No. % CPUE No. % CPUE
1-Oct-90 3 90 20 1.4 0.2 1,452 98.6 16.1

12-May-91 3 82 34 2.7 0.4 1,228 97.3 15.0
6-Oct-91 3 90 91 6.7 1.0 1,277 93.3 14.2

23-Sep-92 3 92 62 1.9 0.7 3,190 98.1 34.7
24-Sep-92 3 120 149 nd 1.2 nd nd nd

26-Sep-93 3 62 41 8.8 0.7 425 91.2 6.9

23-Oct-94 3 60 86 4.3 1.4 1,909 95.7 31.8
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Appendix P.9. Mean age, length, weight, and condition coefficient by age for juvenile sockeye salmon captured by
townet at Red Lake, 1991-1994.

Source:  (Honnold 1993)

Length Weight Condition Length Weight Condition Length Weight Condition
Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

12-May-91 12 29.0 0.2 0.83 6 69.0 2.4 0.74 16 95.0 6.0 0.69
6-Oct-91 27 51.0 1.2 0.85 64 81.0 4.4 0.81

23-Sep-92 137 68.5 2.6 0.79 74 97.0 8.2 0.84
24-Sep-92

26-Sep-93 1 63.0 2.3 0.92 3 79.3 5.1 1.01

23-Oct-94 6 60.0 1.4 0.65 74 85 4.4 0.72 1 103.0 7.7 0.70

Age-0 Age-1 Age-2
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Appendix P.10. Age compositions and population estimates of sockeye salmon smolt emigrating from Red Lake,
1990-1996.

Note: These estimates are slightly different than those reported in RIRs 4K93-1, 4K96-16, and 4K00-57 because
previous estimates were based upon the Rawson estimator. The estimates presented here are based upon
Carlson et al. 1998.

Age Population 
Year 1. 2. 3. Estimate Low High

1990 Percent 41.1 58.3 0.6
Number 274,435 389,338 4,244 668,017 535,431 800,591

1991 Percent 45.8 40.5 13.7
Number 123,920 109,633 37,147 270,700 230,701 310,699

1992 Percent 2.3 96.5 1.2
Number 31,915 1,343,862 17,243 1,393,020 1,228,639 1,557,401

1993 Percent 58.5 30.4 11.1
Number 328,698 170,907 62,514 562,118 495,554 628,682

1994 Percent 13.2 86.6 0.2
Number 73,215 478,912 901 553,029 510,604 595,454

1995 Percent 4.9 92.2 2.8
Number 17,361 324,299 9,943 351,603 287,810 415,396

1996 Percent 74.5 23.7 1.8
Number 735,953 233,991 17,669 987,612 867,565 1,107,659

95% Confidence Interval
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Appendix P.11. Mean length, weight, and condition coefficient by age for sockeye salmon smolt emigrating from
Red Lake, 1990-1996.

Data obtained from: (Barrett et al. 1993a; Barrett et al. 1993b; Swanton et al. 1995; Swanton et al. 1996; and
Coggins 1997)

Age-1 Age-2 Age-3
Sampling Length Weight Condition Length Weight Condition Length Weight Condition

Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

1990 342 106.5 10.0 0.83 1,052 111.8 11.0 0.79 20 117.9 13.0 0.79

1991 1,135 88.2 5.0 0.73 977 106.7 9.5 0.78 407 113.0 11.3 0.78

1992 85 99.5 8.8 0.89 1,667 110.2 11.8 0.88 63 119.7 15.2 0.89

1993 1,409 91.7 7.3 0.94 516 108.6 11.0 0.84 397 120.1 14.5 0.82

1994 225 86.2 5.1 0.79 1,718 98.7 7.6 0.79 7 104.9 9.0 0.78

1995 151 92.1 6.4 0.80 1592 103.2 9.3 0.80 97 115.7 13.3 0.80

1996 1,027 103.0 8.9 0.80 601 113.0 12.1 0.82 112 122.0 15.4 0.83
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Appendix Q.1. Morphometric map showing the limnology and zooplankton stations on Upper Station (Olga) Lake.
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Appendix Q.2. Morphometric map showing the limnology and zooplankton stations on Lower Upper Station (Olga) Lake.
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Appendix Q.3. Limnological sampling stations and total samples
collected for the Upper Station Lakes, 1986, 1990-
1995, 1999 and 2000.

a Stations 1 and 2 are located on the upper lake, and station 3 is
located on the lower lake.

Sampling Total
Year Stationsa Samples
1986 1 1
1990 1, 2, 3 5
1991 1, 2, 3 5
1992 1, 2, 3 6
1993 1, 2, 3 6
1995 1, 1 4
1999 1, 2 4
2000 1, 2 4
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Appendix Q.4. Summary of seasonal mean water chemistry parameters by station and depth for the Upper Station Lakes, 1990-1991,
and 1993.

SD - standard deviation

Specific
Depth

Year Station (m) (umhos cm-1) SD (Units) SD (mg L -1) SD (NTU) SD (Pt units) SD (mg L-1) SD (mg L -1) SD (ug L -1) SD
1990 1 1 46.0 0.9 6.9 0.1 9.0 0.7 0.5 0.1 9.4 3.4 3.8 1.1 0.6 0.7 23.0 16.6

1 60 46.0 1.1 6.8 0.2 8.7 0.8 0.5 0.1 8.8 0.8 3.5 0.5 1.1 1.3 36.0 23.0
2 1 46.0 0.9 6.9 0.1 9.0 0.6 0.5 0.1 7.8 3.3 3.6 0.7 1.0 1.1 24.0 11.1
2 14 46.0 0.9 6.9 0.1 8.5 1.1 0.6 0.2 6.8 2.2 3.1 0.7 1.1 1.4 31.0 11.1

1991 1 1 46.0 2.6 6.9 0.1 9.0 1.8 0.8 0.3 7.8 3.3 3.2 0.6 0.4 0.2 23.8 22.8
1 60 46.0 3.2 6.8 0.1 8.7 1.2 0.8 0.3 9.3 5.5 3.0 0.6 0.5 0.4 19.3 17.9
2 1 46.0 2.5 6.9 0.2 8.7 1.8 0.7 0.2 8.0 2.8 3.3 0.9 0.7 0.5 14.0 15.4
2 20 46.0 2.2 6.9 0.1 8.9 1.5 0.8 0.4 8.7 3.7 3.4 0.6 0.4 0.2 19.3 16.9
3 1 48.0 3.5 7.0 0.1 9.5 1.1 1.5 0.6 9.8 2.6 3.0 0.4 0.9 0.4 49.2 27.0
3 2 48.0 4.1 6.9 0.1 9.4 1.5 1.3 0.5 10.2 3.0 3.3 0.5 0.7 0.3 46.4 20.3

1993 1 1 46.0 2.9 6.8 0.3 9.6 3.4 1 0.7 2.8 0.8 2.9 13.8 0.7 39.0 21.0 9.1
1 50 49.0 2.7 6.5 0.2 8.4 0.8 0.7 0.3 3.8 2.3 3.2 0.5 1.2 0.8 18.0 8.4
2 1 49.0 4.9 7.0 0.9 9.3 2.8 0.7 0.2 3.2 0.8 3.6 1.2 0.9 0.4 15.0 3.9
2 24 49.0 4.4 6.8 0.4 9.3 1.6 0.7 0.3 3.2 1.2 3.6 0.8 0.9 0.4 17.0 11.3
3 1 49.0 1.9 6.7 0.2 8.7 1.0 1.8 1.0 3.7 1.2 3.1 0.4 0.8 0.1 41.0 43.7

Color Calcium Magnesium IronConductivity pH Alkalinity Turbidity
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Appendix Q.5. Summary of seasonal mean nutrient and algal pigment concentrations by station and depth for Upper Station Lakes,
1990, 1991, and 1993.

SD - standard deviation
na - not analyzed

Reactive Organic Chloro- Phaeo-
Depth Phosphorus

Year Station (m) (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD (ug L
-1

) SD
1990 1 1 6.7 0.7 5.9 3.6 3 2.8 91 11.6 5 1.0 26 32.1 107 108.2 260 107.4 1.68 0.7 0.85 0.3

1 60 8.4 3.2 3.6 1.1 2 1.0 99 21.3 27 26.0 33 14.6 100 98.0 174 81.7 1.68 1.1 1.09 0.6
2 1 7.0 1.1 3.6 0.8 2 1.0 95 7.8 4 0.9 10 8.3 101 102.5 267 89.9 1.74 0.8 0.86 0.3
2 14 8.2 2.6 3.3 0.6 1 0.5 99 10.2 5 1.2 11 7.8 97 111.6 273 92.7 1.92 0.7 1.12 0.3

1991 1 1 8.7 2.5 3.6 1.0 2 1.2 108 57.3 6 4.2 5 3.4 94 50.0 na na 2.00 1.0 0.43 0.2
1 60 9.3 2.4 4.1 1.9 2 1.7 103 54.5 11 17.4 21 21.1 120 39.2 na na 1.98 0.8 0.42 0.2
2 1 7.5 3.4 3.4 0.5 1 0.5 94 51.0 5 3.2 5 4.5 86 37.1 na na 1.79 1.2 0.48 0.2
2 20 8.2 1.5 4.7 2.1 2 1.1 96 52.2 9 7.7 9 8.1 92 27.9 na na 2.17 1.0 0.61 0.2
3 1 17.5 3.8 5.5 1.4 2 0.8 170 38.1 7 4.9 3 1.2 544 291.6 na na 1.56 0.8 0.56 0.2
3 2 14 2.5 6.4 1.9 3 0.9 171 39.0 8 6.4 3 1.2 543 293.6 na na 1.78 0.5 0.67 0.2

1993 1 1 6.6 11.5 2.9 4.5 1 3.3 132 29.3 3 1.7 10 6.9 166 102.1 299 100.7 2.42 1.0 0.66 0.3
1 50 7.7 2.4 3.5 1.1 1 1.0 118 21.3 6 7.0 29 18.2 90 58.8 338 52.4 3.64 0.8 1.07 0.4
2 1 6.9 1.9 3.7 0.8 1 0.4 121 12.5 3 2.2 9 7.3 128 87.6 286 97.6 2.74 1.5 0.81 0.5
2 24 7.7 1.8 3.5 1.0 1 0.5 120 7.9 6 3.4 16 5.3 131 114.5 278 107.8 3.96 1.1 1.12 0.7
3 1 14.9 5.2 5.4 1.3 2 0.4 199 53.1 4 1.9 6 0.0 472 310.7 475 172.8 2.96 3.5 1.41 1.4

Total
Phosphorus Phosphorus dahl nitrogen

Total filterable Filterable reactive Total Kjel- Nitrate + 
phyll a phytin aAmmonia           nitrite silicon Carbon
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Appendix Q.6. Weighted mean zooplankton density, biomass, and size by genera for the upper lake of the Upper
Station Lakes, 1986 and 1990-1995.

a Only one sample (July) was taken in 1986.

Number Epischura Cyclops Bosmina Daphnia TOTALS
Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Days no/m2 mg/m2
mm no/m2 mg/m2

mm no/m2 mg/m2
mm no/m2 mg/m2

mm no/m2 mg/m2

1986a 1 5,943 6 0.60 161,742 202 0.61 30,990 51 0.42 198,675 259
1990 5 3,318 57 1.39 321,577 676 0.72 95,329 178 0.44 186 1 0.61 420,409 911
1991 6 77,820 517 1.09 376,849 1,154 0.93 62,799 88 0.40 517,467 1,759
1992 6 819 11 1.45 410,753 884 0.77 137,208 275 0.45 548,780 1,169
1993 6 7,095 56 1.19 575,871 923 0.68 173,554 274 0.41 7,418 15 0.68 763,938 1,267
1995 4 6,668 37 1.07 490,751 937 0.71 144,871 316 0.48 44,818 100 0.69 687,108 1,390
1999 4 12,938 70 1.01 302,495 613 0.74 12,169 25 0.46 10,828 11 0.70 338,430 718
2000 4 9,758 61 1.12 223,618 334 0.68 64,789 131 0.47 174 <1 0.26 298,338 525
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Appendix Q.7. Weighted mean zooplanton biomass by genera for the upper lake of the Upper Station  Lakes,
1990-1993, 1995, 1999 and 2000.
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Appendix Q.8. Weighted mean zooplankton density, biomass, and size by genera for the Lower Upper Station
Lake, 1991-1993.

Station Number of Epischura Cyclops Bosmina Daphnia
3 Sample Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass Size Density Biomass

Year Dates no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

mm no/m
2

mg/m
2

1991 6 411 2.0 0.96 3,285 6.0 0.76 603 1.0 0.32 19 <1 0.58 4,318 9.0
1992 6 398 0.7 0.72 1,208 2.3 2.34 536 1.1 0.47 8 <1 2,150 4.2
1993 6 866 1.9 0.77 2,214 2.7 2.66 1,987 2.1 0.34 377 0.6 0.59 5,444 7.2

TOTALS
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Appendix Q.9.  Weighted mean zooplankton biomass by genera for the Lower Upper Station Lake, 1991-1993.
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Appendix Q.10. Juvenile sockeye salmon estimates based on fall townet catch species composition and hydroacoustic
fish population estimates for Upper Station (upper lake) Lake,  1990-1991.

Source:  (Honnold 1993)

Sockeye
Composition

Date Number Low High Number Low High (%)

28-Sep-90 3,843,823 3,376,317 4,311,329 1,172,366 1,029,643 1,315,089 30.5

4-Oct-91 3,987,459 3,431,754 4,543,164 386,784 333,009 440,558 9.7

Sockeye EstimatesTotal Fish Estimates
95% Confidence Interval 95% Confidence Interval 
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Appendix Q.11. Townet catches from the Upper Station (upper lake) Lake, 1990-1992.

Source:  (Honnold 1993)

Tow Catch by Species
Sockeye Stickleback

Date Number Minutes Number % CPUE Number % CPUE

28-Sep-90 3 91 174 30.5 1.9 397 69.5 4.4

8-May-91 3 90 14 1.0 0.2 1,353 99.0 15.0

4-Oct-91 3 94 160 9.8 1.7 1,480 90.2 15.7

21-Sep-92 3 93 275 33.6 3.0 543 66.4 5.8
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Appendix Q.12. Mean age, length, weight, and condition coefficient by age for juvenile sockeye salmon captured by
tow net at Upper Station (upper lake) Lake, 1991-1992.

Source:  (Honnold 1993)

Length Weight Condition Length Weight Condition Length Weight Condition
Date n % (mm) (g) (K) n % (mm) (g) (K) n % (mm) (g) (K)

8-May-91 4 31 31 0.3 0.87 2 15 73 3.3 0.87 7 53.8 109 10.4 0.79

4-Oct-91 116 73 56 1.7 0.85 44 28 91 7.0 0.91

21-Sep-92 213 78 67 2.9 0.89 62 23 90 8.4 1.03

Age-0 Age-1 Age-2
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Appendix Q.13. Estimated number of sockeye salmon smolt emigrating from the Upper Station
Lakes by year and age class, 1990-1993a.

a These estimates are slightly different than those reported in RIRs 4K93-1, 4K93-32, and 4K00-57
because previous estimates were based upon the Rawson estimator. The estimates presented here are
based upon Carlson et al. 1998.

Smolt Number and Relative Percent Total
Outmigration of Smolt by Age Class Population 95% Confidence Interval

Year 0. 1. 2. 3. Estimate SE Lower Upper

1990 79% 2% 18% 1%
5,188,222 156,344 1,171,183 54,581 6,570,331 881,065 4,843,443 8,297,219

1991 80% 9% 10% 1%
1,730,763 200,531 222,037 15,637 2,168,968 263,019 1,653,451 2,684,485

1992 87% 2% 10% 0%
1,870,009 43,823 222,668 1,065 2,137,565 193,335 1,758,628 2,516,502

1993 74% 14% 12% 0%
3,187,854 620,651 502,347 13,163 4,324,015 294,599 3,746,601 4,901,429
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Appendix Q.14. Mean length, weight, and condition coefficient by age for sockeye salmon smolt emigrating from
the Upper Station Lakes, 1990-1993.

Source: (Barrett et al. 1993a; Barrett et al. 1993b)

Age-0 Age-1 Age-2 Age-3
Sampling Length Weight Condition Length Weight Condition Length Weight Condition Length Weight Condition

Year n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K) n (mm) (g) (K)

1990 939 55 1.5 0.93 325 81.4 4.9 0.91 1,539 100 8.3 0.84 74 110 11.1 0.84

1991 1,622 59 2.0 0.96 658 94.0 7.1 0.85 947 102 9.3 0.87 72 115 12.8 0.84

1992 1,813 58 1.8 0.95 477 93.7 7.9 0.96 1,841 103 10.1 0.92 8 113 13.6 0.95

1993 2,311 61 2.1 0.91 1,113 92.0 6.3 0.80 853 111 11.7 0.82 27 120 14.9 0.84
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Appendix R. Kodiak area commercial salmon harvest by statistical area from enhanced and
rehabilitated systems, 2001.

-Continued-

Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds

251-10 10-Jun 3 121 1,610 1,882 9,364 0 0 0 0 21 194
SW 11-Jun 2 205 1,471 596 2,802 0 0 0 0 44 375

Afognak 12-Jun 7 183 1,338 794 4,416 0 0 0 0 727 8,591
Malina 13-Jun 4 335 3,380 2,242 11,102 0 0 0 0 362 2,805

14-Jun 2 97 918 1,004 4,857 0 0 0 0 72 635
Total 18 941 8,717 6,518 32,541 0 0 0 0 1,226 12,600

251-40 7-Jul 1 0 0 160 801 0 0 1,054 3,164 22 179
Outer Total 1 0 0 160 801 0 0 1,054 3,164 22 179

Foul Bay Avg. Wt. 5.0 3.0 8.1

251-41 9-Jun 9 0 0 12,726 63,348 0 0 0 0 0 0
Foul Bay 10-Jun 7 93 539 5,576 27,748 0 0 0 0 29 200

THA 11-Jun 2 0 0 1,309 6,420 0 0 0 0 0 0
12-Jun 4 0 0 1,760 8,792 0 0 0 0 0 0
14-Jun 2 0 0 695 3,632 0 0 0 0 0 0
15-Jun 4 11 88 1,615 8,106 0 0 0 0 0 0
16-Jun 2 0 0 325 1,443 0 0 0 0 0 0
17-Jun 1 0 0 526 2,630 0 0 0 0 0 0
18-Jun 2 0 0 426 2,036 0 0 0 0 0 0
19-Jun 1 0 0 458 2,149 0 0 0 0 0 0
20-Jun 1 0 0 638 3,191 0 0 0 0 0 0
22-Jun 1 0 0 636 3,179 0 0 0 0 0 0
24-Jun 2 0 0 1,716 8,580 0 0 0 0 0 0
30-Jun 1 0 0 688 4,127 0 0 0 0 0 0

4-Jul 1 0 0 389 1,945 0 0 0 0 0 0
5-Jul 2 0 0 339 1,699 0 0 1,141 3,424 24 185
Total 42 104 627 29,822 149,025 0 0 1,141 3,424 53 385

Avg. Wt. 6.0 5.0 3.0 7.3

251-82 1-Sep 1 0 0 0 0 2,695 24,259 169 509 0 0
Inner 5-Sep 1 0 0 0 0 1,608 14,474 152 562 0 0

Perenosa Total 2 0 0 0 0 4,303 38,733 321 1,071 0 0
Avg. Wt. 9.0 3.3 0

251-83 8-Aug 1 0 0 26 143 492 3,418 1,596 5,314 13 92
Outer 23-Aug 1 0 0 0 0 900 9,093 468 1,405 0 0

Perenosa 25-Aug 1 0 0 0 0 4,879 39,906 582 2,329 0 0
27-Aug 1 0 0 0 0 2,287 20,585 603 1,810 0 0
28-Aug 2 0 0 0 0 5,013 40,509 899 3,019 9 82
30-Aug 1 0 0 0 0 2,551 22,963 792 2,377 0 0

1-Sep 1 0 0 0 0 179 1,616 156 468 0 0
4-Sep 1 0 0 0 0 914 6,395 31 113 0 0
Total 9 0 0 26 143 17,215 144,485 5,127 16,835 22 174

Avg. Wt. 5.5 8.4 3.3 7.9

CHUMCHINOOK SOCKEYE COHO PINK
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Appendix R.  (page 2 of 7)

-Continued-

Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds

251-84 9-Jun 3 0 0 3,015 14,455 0 0 0 0 0 0
Waterfall 10-Jun 3 0 0 3,210 15,258 0 0 0 0 0 0

THA 11-Jun 1 0 0 359 1,687 0 0 7 15 0 0
12-Jun 1 0 0 1,081 5,087 0 0 0 0 0 0
13-Jun 1 0 0 1,081 5,087 0 0 0 0 0 0
14-Jun 2 0 0 278 1,326 0 0 0 0 0 0
15-Jun 2 0 0 1,184 5,584 0 0 0 0 0 0
17-Jun 2 2 18 1,290 5,796 0 0 0 0 0 0
19-Jun 3 0 0 588 2,647 0 0 0 0 0 0
21-Jun 1 0 0 246 977 0 0 0 0 0 0
23-Jun 1 0 0 1,303 5,078 0 0 0 0 0 0
24-Jun 1 0 0 347 1,735 0 0 0 0 0 0
27-Jun 1 0 0 660 2,439 0 0 0 0 0 0
29-Jun 1 0 0 560 2,802 0 0 0 0 0 0
30-Jun 1 0 0 254 1,018 0 0 0 0 0 0

7-Jul 1 1 8 567 2,838 0 0 26 86 3 23
Total 25 3 26 16,023 73,814 0 0 33 101 3 23

Avg. Wt. 8.7 4.6 3.1 7.7

252-30 9-Jun 4 3 45 286 1,508 0 0 2 5 1,944 16,458
Izhut 10-Jun 4 38 333 270 1,161 0 0 0 0 4,907 35,169
Bay 13-Jun 2 18 222 45 222 0 0 0 0 1,711 13,472

15-Jun 1 0 0 12 60 0 0 0 0 1,076 7,530
16-Jun 3 11 46 102 514 0 0 19 71 2,190 18,598
17-Jun 3 21 204 297 1,530 1 6 59 182 1,897 15,226

1-Jul 11 48 150 807 4,050 25 150 625 2,188 11,049 89,683
2-Jul 9 7 78 407 2,054 8 48 274 1,019 9,745 68,622
3-Jul 5 0 0 138 811 3 14 137 407 4,102 35,283
4-Jul 1 0 0 224 1,119 0 0 163 490 609 5,485
5-Jul 1 0 0 0 0 0 0 0 0 438 3,285
7-Jul 2 1 6 108 578 25 154 325 1,001 1,220 9,424
9-Jul 1 0 0 65 387 22 145 215 744 61 440

10-Jul 2 1 9 328 1,477 81 449 503 1,607 2,511 16,323
11-Jul 1 2 37 658 3,289 324 1,943 1,215 4,860 454 4,086
13-Jul 4 6 72 837 4,121 429 2,562 1,903 7,184 4,227 28,385
17-Jul 1 7 38 188 849 114 629 875 2,801 118 764
18-Jul 1 0 0 20 109 8 79 335 1,019 30 295
26-Jul 1 0 0 68 405 54 379 3,462 12,462 116 927
29-Jul 2 0 0 48 267 8 54 11,053 35,371 26 210
30-Jul 8 0 0 148 746 11 73 87,313 298,726 161 1,145
31-Jul 9 2 42 104 562 18 131 51,630 183,610 170 1,489
1-Aug 22 0 0 434 2,259 132 879 137,326 488,700 291 2,122
2-Aug 10 0 0 123 614 83 616 49,249 162,794 98 718
3-Aug 12 1 21 160 912 113 783 61,902 220,528 104 698
4-Aug 12 0 0 124 650 108 754 61,498 207,233 107 884
5-Aug 20 7 13 319 1,675 409 2,846 113,237 387,837 214 1,510
6-Aug 12 0 0 93 535 83 651 54,121 181,289 48 340
7-Aug 25 1 2 198 1,178 387 2,963 156,208 512,753 95 742
8-Aug 15 4 64 404 2,376 392 2,855 121,222 401,447 300 2,429
9-Aug 24 3 70 514 2,835 753 5,905 200,144 647,191 148 1,285

10-Aug 31 0 0 107 519 354 2,853 177,152 567,699 73 552

CHINOOK SOCKEYE COHO PINK CHUM
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Appendix R.  (page 3 of 7)

-Continued-

Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds
Cont. 11-Aug 35 3 40 169 916 621 4,558 196,580 699,994 109 844

252-30 12-Aug 45 0 0 90 482 502 3,806 257,432 901,673 70 566
Izhut 13-Aug 32 0 0 83 439 557 4,063 187,494 677,831 41 281
Bay 14-Aug 61 1 9 356 2,032 2,397 18,546 471,557 1,632,604 173 1,270

15-Aug 58 8 129 361 1,999 2,125 16,784 388,856 1,327,564 215 1,590
16-Aug 67 0 0 390 2,140 3,026 23,318 369,324 1,270,801 162 1,249
17-Aug 51 0 0 544 2,936 2,949 22,442 283,362 984,730 158 1,234
18-Aug 47 0 0 125 674 2,744 20,139 249,850 864,081 54 360
19-Aug 47 2 26 110 586 2,246 17,300 256,003 883,476 54 407
20-Aug 27 0 0 89 451 1,393 11,464 211,918 642,822 26 195
21-Aug 24 1 11 40 234 2,315 20,288 152,857 526,321 11 77
22-Aug 35 5 81 131 697 3,057 24,909 259,289 901,064 38 311
23-Aug 35 3 24 101 534 2,867 23,985 227,709 770,925 39 272
24-Aug 21 0 0 32 166 2,121 16,467 142,305 477,152 5 38
25-Aug 23 0 0 51 251 3,194 23,234 156,533 566,896 31 250
26-Aug 17 0 0 34 189 2,153 16,471 127,183 428,809 11 102
27-Aug 26 0 0 57 340 3,569 27,806 200,238 693,383 10 78
28-Aug 30 0 0 62 338 5,091 39,624 217,316 756,961 13 114
29-Aug 22 0 0 25 131 2,120 16,674 75,787 269,312 15 122
30-Aug 6 0 0 16 92 1,654 11,586 35,273 130,496 12 102
31-Aug 3 0 0 12 59 1,243 8,847 22,862 83,933 13 103

1-Sep 5 0 0 42 223 4,768 33,378 37,120 137,348 23 185
2-Sep 1 0 0 6 33 354 2,475 7,297 26,999 5 41
3-Sep 2 0 0 9 48 1,581 11,066 22,212 82,185 1 6
4-Sep 1 0 0 8 42 979 6,851 6,334 23,437 5 38
5-Sep 1 0 0 0 0 0 0 4,529 15,899 0 0
6-Sep 1 0 0 4 21 1,587 11,109 8,256 30,549 2 18
7-Sep 2 0 0 5 31 3,126 21,884 11,401 42,186 0 0
8-Sep 1 0 0 0 0 0 0 1,941 7,183 0 0
9-Sep 1 0 0 5 28 1,661 11,632 6,035 22,331 3 22

10-Sep 2 0 0 13 68 2,943 20,693 6,223 23,027 3 28
14-Sep 1 0 0 0 0 261 1,825 0 0 0 0
16-Sep 2 0 0 0 0 2,318 16,225 152 562 0 0
17-Sep 1 0 0 0 0 1,766 12,365 129 478 0 0
18-Sep 1 0 0 0 0 1,936 13,553 0 0 0 0

Total 993 204 1,772 10,606 55,552 75,169 563,288 5,893,524 20,234,230 51,542 393,482
Avg. Wt. 8.7 5.2 7.5 3.4 7.6

252-31 9-Jun 1 0 0 264 1,402 0 0 0 0 173 1,725
Duck 12-Jun 4 46 568 1,722 8,529 0 0 7 12 3,453 24,224
Bay 13-Jun 1 23 234 750 3,941 0 0 24 65 1,320 10,381

14-Jun 1 6 23 133 669 0 0 0 0 728 5,098
15-Jun 3 6 132 564 2,820 0 0 48 188 2,355 16,701
16-Jun 4 19 191 844 4,466 0 0 37 111 3,954 28,930
17-Jun 2 11 191 581 2,904 0 0 124 435 1,812 15,247
18-Jun 3 33 317 764 3,833 0 0 88 322 2,799 23,689
19-Jun 6 14 166 1,091 5,416 0 0 108 361 3,992 32,300
20-Jun 4 21 102 860 4,892 1 4 112 383 2,590 21,697

1-Jul 2 1 6 634 3,202 5 27 218 843 1,071 8,407
2-Jul 1 0 0 233 1,168 5 31 106 426 1,065 9,584
3-Jul 1 1 24 141 704 18 108 82 329 925 8,323

CHUMCHINOOK SOCKEYE COHO PINK
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Appendix R.  (page 4 of 7)

-Continued-

Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds
Cont. 6-Jul 1 0 0 57 399 2 15 56 178 203 1,852

252-31 7-Jul 2 12 32 396 2,108 95 565 631 2,339 349 2,677
Duck 8-Jul 1 0 0 161 1,127 21 149 156 502 310 2,796
Bay 9-Jul 2 1 19 600 3,169 73 591 509 1,632 803 6,174

10-Jul 2 5 17 328 1,546 107 587 879 3,132 502 3,340
11-Jul 2 0 0 1,272 7,429 401 3,583 2,830 9,035 104 921
12-Jul 1 2 12 261 1,548 248 1,488 481 1,905 62 473
14-Jul 3 7 26 2,372 11,497 1,285 8,318 5,514 19,952 995 7,068
15-Jul 1 6 74 224 1,122 172 1,031 1,047 4,186 130 1,170
16-Jul 1 0 0 361 1,808 110 995 2,811 9,278 40 325
18-Jul 5 4 74 507 3,003 519 3,742 3,997 13,839 280 2,147
19-Jul 2 2 12 421 2,977 394 3,771 3,863 12,271 175 1,508
20-Jul 2 14 29 100 523 49 402 1,123 3,621 148 1,289
21-Jul 4 4 21 157 1,101 158 1,385 2,681 8,220 221 2,089
24-Jul 8 10 201 607 3,309 258 1,861 30,016 94,285 862 7,125
25-Jul 4 1 30 110 527 58 327 6,315 21,012 299 2,043
26-Jul 6 11 379 1,012 2,029 172 1,316 18,729 65,595 356 2,869
27-Jul 1 0 0 41 205 47 282 4,039 16,154 46 411
30-Jul 2 0 0 60 315 37 275 7,450 26,467 105 822
31-Jul 5 2 47 374 1,957 257 1,796 41,031 150,261 433 3,531
1-Aug 24 3 32 383 1,975 383 2,596 103,255 356,515 276 2,021
2-Aug 27 6 125 874 4,144 638 4,308 208,895 672,688 657 4,807
3-Aug 37 9 117 1,335 7,047 960 6,819 233,640 787,687 1,164 8,845
4-Aug 48 8 110 815 4,360 1,289 9,634 395,414 1,251,991 611 4,726
5-Aug 47 3 42 866 4,602 1,274 9,384 287,678 1,032,713 592 3,924
6-Aug 51 10 125 725 3,746 1,095 7,874 357,266 1,184,659 514 3,973
7-Aug 37 13 216 552 2,937 1,168 8,599 320,734 1,070,042 360 2,798
8-Aug 71 4 89 1,408 7,285 2,629 19,426 575,403 1,936,240 664 5,132
9-Aug 56 6 144 832 4,345 1,505 10,840 307,939 1,063,295 501 3,874

10-Aug 53 2 23 1,096 5,752 2,684 19,577 310,996 1,059,556 572 4,352
11-Aug 41 0 0 605 3,401 1,260 10,058 255,895 861,224 235 1,900
12-Aug 32 5 65 544 2,996 1,524 10,901 147,446 502,980 236 1,948
13-Aug 40 2 69 290 1,688 1,130 8,832 227,673 803,348 108 836
14-Aug 27 2 34 319 1,669 1,429 10,371 180,466 603,204 130 1,047
15-Aug 19 1 23 194 886 1,041 7,709 121,525 408,885 170 1,375
16-Aug 23 0 0 113 624 1,598 12,631 132,538 444,103 62 475
17-Aug 16 2 69 122 665 1,533 11,605 89,850 302,586 34 250
18-Aug 15 0 0 80 445 2,002 15,421 92,438 299,052 34 276
19-Aug 27 0 0 143 849 2,664 19,974 203,260 688,026 35 266
20-Aug 21 0 0 118 667 3,049 25,011 239,170 832,724 19 137
21-Aug 31 1 12 222 1,192 5,718 42,901 257,456 903,357 157 1,156
22-Aug 34 2 33 352 1,890 4,724 35,340 251,755 885,662 75 545
23-Aug 37 2 51 600 3,286 4,761 40,222 251,293 873,842 109 800
24-Aug 25 0 0 235 1,101 2,886 23,446 190,294 622,340 42 245
25-Aug 19 0 0 128 700 2,843 21,224 132,641 450,621 60 432
26-Aug 10 2 16 33 185 1,014 7,881 47,903 173,191 9 72
27-Aug 12 0 0 43 239 2,365 18,145 47,512 162,107 15 117
28-Aug 6 2 32 24 122 1,513 12,481 29,647 95,818 16 126
29-Aug 4 0 0 26 136 809 6,415 26,739 85,233 22 187
30-Aug 4 0 0 11 58 1,190 8,615 39,698 137,083 3 25
31-Aug 3 0 0 15 80 2,935 20,543 31,771 117,551 14 106
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-Continued-

Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds
Cont. 1-Sep 2 0 0 14 75 1,626 11,381 12,263 45,372 2 23

252-31 2-Sep 1 0 0 0 0 567 3,404 2,009 7,432 0 0
Duck Total 988 347 4,354 31,119 160,792 68,298 516,217 6,247,574 21,188,466 40,158 313,732
Bay Avg. Wt. 12.5 5.2 7.6 3.4 7.8

252-32 9-Jun 4 63 560 615 3,622 0 0 0 0 2,589 21,680
Kitoi 10-Jun 2 5 63 649 3,247 0 0 0 0 3,522 27,535
Bay 11-Jun 2 24 281 218 1,219 0 0 0 0 2,597 21,825

12-Jun 3 31 267 346 1,732 0 0 0 0 3,920 33,225
13-Jun 5 32 447 970 5,145 0 0 0 0 5,215 46,069
14-Jun 6 41 490 303 1,487 0 0 0 0 6,440 48,288
15-Jun 3 12 208 96 470 0 0 0 0 3,281 26,532
16-Jun 6 36 553 474 2,371 0 0 0 0 8,953 71,603
17-Jun 2 0 0 108 542 0 0 0 0 1,368 10,874

3-Jul 42 2 22 482 2,446 4 22 427 1,316 71,354 511,719
4-Jul 2 0 0 0 0 0 0 0 0 2,555 20,449
7-Jul 3 6 80 141 746 4 22 238 884 2,151 18,153
9-Jul 2 3 24 135 790 89 562 257 1,013 3,486 26,130

10-Jul 3 19 131 390 1,768 50 277 668 2,241 4,373 28,369
11-Jul 1 1 7 211 1,081 51 422 750 2,103 709 5,830
14-Jul 1 0 0 0 0 0 0 0 0 1,411 11,365
30-Jul 9 0 0 105 561 8 46 68,250 208,628 104 762
31-Jul 8 0 0 212 1,055 34 236 52,868 194,041 61 432
1-Aug 7 2 88 170 945 52 359 57,552 207,149 122 840
2-Aug 6 0 0 103 509 77 545 38,040 129,131 107 740
3-Aug 2 0 0 9 49 5 33 7,916 27,517 24 168
4-Aug 5 0 0 25 125 20 176 35,795 112,079 32 226
5-Aug 4 1 22 56 321 105 733 31,628 117,225 66 464
6-Aug 3 0 0 21 111 14 121 19,384 64,620 14 106
8-Aug 10 1 5 95 487 116 823 52,868 188,641 37 266
9-Aug 4 0 0 4 27 10 79 24,486 83,264 13 88

10-Aug 20 0 0 92 548 285 1,863 96,931 322,629 30 243
11-Aug 9 0 0 15 77 33 257 38,798 128,848 8 61
13-Aug 1 0 0 14 74 82 577 18,517 68,513 5 40
18-Aug 2 0 0 1 7 108 807 18,090 54,274 6 50
22-Aug 8 0 0 1 9 240 1,989 60,769 164,767 0 0
23-Aug 7 0 0 38 231 580 4,098 33,763 118,992 0 0
24-Aug 5 0 0 22 160 48 338 41,450 128,965 0 0
26-Aug 1 0 0 3 16 194 1,555 9,711 34,960 5 28
27-Aug 2 0 0 121 691 713 5,882 21,621 71,366 8 56
28-Aug 3 0 0 0 0 40 427 19,634 64,362 0 0
29-Aug 7 0 0 2 7 138 807 49,668 160,403 0 0
31-Aug 2 0 0 2 9 277 2,488 27,718 90,087 0 0

1-Sep 2 0 0 3 10 2,063 18,344 31,244 102,795 0 0
2-Sep 2 0 0 533 4,715 526 4,680 31,249 101,558 0 0
3-Sep 6 0 0 4 20 1,372 12,165 33,576 110,856 0 0
4-Sep 4 0 0 2 17 747 5,226 57,269 199,498 0 0
6-Sep 2 0 0 0 0 180 1,495 4,528 15,839 0 0
Total 228 279 3,248 6,791 37,447 8,265 67,454 985,663 3,278,564 124,566 934,216

Avg. Wt. 11.6 5.5 8.2 3.3 7.5
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Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds

254-50 1-Jul 1 0 0 130 720 0 0 0 0 0 0
Spiridon 2-Jul 2 0 0 86 546 0 0 34 145 97 865

Lake 3-Jul 1 0 0 108 595 0 0 0 0 0 0
THA 4-Jul 1 0 0 85 463 0 0 11 35 0 0

Telrod 5-Jul 1 0 0 116 615 0 0 44 155 6 49
Cove 6-Jul 2 0 0 194 1,058 0 0 167 589 17 158

8-Jul 3 0 0 365 1,977 0 0 233 732 34 326
9-Jul 1 1 6 162 814 0 0 45 136 5 47

10-Jul 1 0 0 111 610 0 0 103 309 25 175
11-Jul 4 0 0 700 3,656 0 0 678 2,455 138 1,554
12-Jul 4 0 0 780 3,941 0 0 608 1,831 83 798
13-Jul 6 0 0 1,285 6,486 0 0 849 2,795 443 4,028
14-Jul 5 0 0 1,444 7,420 0 0 1,545 4,818 624 5,895
15-Jul 3 0 0 651 3,334 0 0 751 2,414 171 1,583
16-Jul 4 0 0 608 3,311 0 0 1,045 4,126 385 3,792
17-Jul 4 0 0 647 3,492 0 0 2,200 7,721 784 7,528
18-Jul 3 0 0 511 2,560 0 0 979 3,135 209 2,103
19-Jul 4 0 0 1,131 5,668 0 0 1,496 4,791 210 2,076
20-Jul 6 0 0 1,042 5,267 0 0 2,235 7,240 3,435 33,234
21-Jul 6 0 0 1,527 7,726 0 0 3,415 10,919 2,655 27,185
22-Jul 3 0 0 1,420 7,350 0 0 1,449 5,270 401 3,993
23-Jul 6 0 0 2,509 13,123 0 0 3,501 12,973 1,000 10,004
24-Jul 6 0 0 1,132 5,740 0 0 1,342 4,346 189 1,923
25-Jul 4 0 0 1,260 6,372 0 0 1,788 5,778 220 2,147
30-Jul 4 0 0 3,965 23,459 0 0 3,340 11,193 114 996
31-Jul 4 0 0 2,456 12,757 0 0 6,557 22,428 464 4,056
1-Aug 3 0 0 1,321 6,746 0 0 3,819 14,429 114 1,038
2-Aug 3 0 0 960 5,004 0 0 3,159 12,486 90 825
3-Aug 5 0 0 1,046 5,463 0 0 2,544 9,440 55 527
4-Aug 6 0 0 1,855 8,775 0 0 3,539 12,825 119 979
5-Aug 6 0 0 1,232 6,245 1 9 2,246 7,768 107 960
6-Aug 3 0 0 2,668 14,964 0 0 2,337 9,289 189 1,544
7-Aug 4 0 0 2,844 13,640 1 9 2,273 8,416 71 684
8-Aug 3 0 0 389 1,905 0 0 243 944 6 59
9-Aug 3 0 0 1,277 6,527 3 24 650 2,601 15 131

11-Aug 6 0 0 4,575 23,408 0 0 2,500 9,712 113 966
12-Aug 7 0 0 4,750 24,037 4 41 1,827 6,903 202 1,865
13-Aug 2 0 0 1,388 7,420 0 0 507 1,948 7 79
14-Aug 3 0 0 803 4,464 8 69 1,382 5,277 16 156
15-Aug 3 0 0 524 2,843 0 0 456 1,676 3 15
16-Aug 1 0 0 402 2,174 0 0 574 2,080 0 0
20-Aug 4 0 0 3,411 17,819 24 236 1,788 7,164 22 182
21-Aug 3 0 0 968 5,037 5 48 1,015 4,070 16 157
22-Aug 4 0 0 1,535 7,982 24 226 1,293 5,350 13 101
23-Aug 4 0 0 920 4,608 27 293 932 3,731 7 57
24-Aug 4 0 0 856 5,084 200 2,020 1,651 8,309 11 109
25-Aug 2 0 0 243 1,326 9 94 173 637 0 0
26-Aug 1 0 0 156 805 28 283 454 1,721 0 0

3-Sep 1 0 0 1,185 5,925 11 107 1,106 3,319 0 0
Total 170 1 6 59,733 311,261 345 3,459 70,883 256,429 12,885 124,949

Avg. Wt. 6.0 5.2 10.0 3.6 9.7
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Stat.
Area Date Landings Number Pounds Number Pounds Number Pounds Number Pounds Number Pounds

259-35 9-Jun 4 16 110 913 4,569 0 0 0 0 14 113
Settler 10-Jun 3 0 0 754 3,938 0 0 0 0 1 8
Cove 12-Jun 1 0 0 629 3,765 0 0 0 0 0 0
THA 13-Jun 1 0 0 119 711 0 0 0 0 0 0

17-Jun 1 0 0 66 395 0 0 0 0 0 0
18-Jun 1 0 0 269 1,346 0 0 0 0 0 0
19-Jun 1 0 0 379 3,088 0 0 0 0 0 0
21-Jun 1 0 0 294 1,471 0 0 0 0 0 0
22-Jun 1 0 0 171 859 0 0 0 0 0 0
24-Jun 1 0 0 88 485 0 0 0 0 0 0
25-Jun 1 0 0 40 211 0 0 0 0 0 0

Total 16 16 110 3,722 20,838 0 0 0 0 15 121
Avg. Wt. 6.9 5.6 0.0 0.0 8.1
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The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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